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GROUNDWATER BASICS

OBJECTIVES /SUBJECTS: ~
The student will do the following: Math (Advanced), Science (Physics)
1. Compute math problems dedling I' IIVI B ;

with volume of groundwater. Class peno
2. Cdlculate average porosity in one E/IaIACL Z‘;‘ ALS:

type of aquifer.

pape_r

3. Calculate the volume of water that will penC;:n - i

supply a particular well and its recharge \Stu ent sneet and figures )

rate.

BACKGROUND INFORMATION

Groundwater accountsfor amajor portion of the world' s freshwater resources. Estimates of the global
water supply show groundwater as 0.6 percent of the world’ stota water and 60 percent of the available
freshwater resources. Thetotal volume of readily available global groundwater isabout 4.2 x 10° kn?® as
compared to 0.126 x 10° km? (kilometers cubed) stored in lakes and streams. Next to glaciers and
icecaps, which do not have readily available water, groundwater reservoirs are the largest holding basins
for fresh water in the world hydrologic cycle (Figure 1).

The age of groundwater may range from afew yearsor lesstotens of thousands of years or more. For the
United States, it is estimated that about 25 percent of precipitation becomes groundwater.

It isestimated that thetotal usable groundwater in storageisabout equivaent to thetota precipitation for
tenyears, or thetota surface runoff to streams and lakesfor 35 years, dthough al of this groundwater is
not available for practica use. Inthe United States, groundwater storage exceeds by many times the
capacity of al surface reservoirs and lakes, including the Great Lakes.

Recoverable groundwater isthat water released from storage in the subsurface zone of saturation whose
capacityisthetotal volumeof theporesor openingsin soil or rocksthat arefilled withwater. Theporosity
values of specific materias are shown in Figure 2.

Groundwater movement isdependent on thedegree of interconnection of the porous space (permesbility)
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and the gradient or dope of the water table. These factors vary grestly depending on the aquifer type.
Groundwater inacarbonate aquifer can occasiondly movethrough limestone cavernsasrapidly assurface
water (1-3 ft/sec). In sandy aquifers, groundwater can move asdowly as 3 ft/day or even asdowly as 1
in/day. For thosereasons, groundwater cleanup, or remediation, can only bedone by enhanced methods.*
These methods are complex and expensive, making groundwater pollution prevention quite economical.
There are obvious health protection reasons for groundwater pollution prevention, as well.
Terms.
carbonate aquifer: underground layer of limestone that is saturated with usable amounts of water
gradient: change of elevation, velocity, pressure, or other characteristics per unit length; slope
hydrologic cycle: the cyclical process of water’s movement from the atmosphere, its inflow and
temporary storage on and in land, and its outflow to the oceans; cycle of water from the atmosphere by
condensation, and precipitation, then its return to the aimosphere by evaporation and transpiration.
per meability: the capacity of aporous material to transmit fluids. Permeability isafunction of the Szes,
shapes, and degree of connection among pore spaces, the viscosity of the fluid, and the pressure driving
the fluid.

por osity: the spaces in rock or soil not occupied by solid matter.

water table: upper surface of the zone of saturation of groundwater

ADVANCE PREPARATION
A. Copy Figures 1 and 2, Student Sheets, and Activity Section for students.

B. Complete the math problems before students are given them. (See the teacher sheet.)
* For information on enhanced methods, see activity “Groundwater: Cleaning Up” in this chapter.

PROCEDURE
|. Setting the stage
A. Give students Conversion Student Sheet, Figures 1 and 2, and Activity Section.

B. If students need help with the math, give them the Hint Page.
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1. Activity
Problems:
A. How many gallons are represented by 4.2 x 10° km? of global groundwater?
B. If 1 x 10° mi® of subsurface water existsin avolume of the earth’s crust that covers
5 x 10" mi? of the land surface land is %2 mile deep, what is the average porosity (in %) of the

upper layer of the Earth’s crust?* (assuming that the entire depth is saturated)

C. If arecharge area of awater well measures 1000 acres and the well is 800 meters deep, and ol
porosityisthat of asand and gravel mix, what volumeof water might theoretically supply thewel | 2

D. In question C above, what is the annual recharge rate (gallons/year) if precipitation is 55
inches per year, 7 inches of which become groundwater?

*Note: Solutionsto B, C, and D are oversimplifications of these types of determinations but
generaly demonstrate the principles of recharge, yield, and infiltration calculations.

RESOURCES

Bouwer, Herman, Groundwater Hydrology, McGraw Hill Book Company, New York, NY, 1978,
pp. 2-3, 6-8.

Groundwater and Wells, Johnson Division, UOP, Inc. St. Paul, MN, 1975, pp. 17-18.

Groundwater Pollution and Hydrology, Princeton University Short Course, 1983, pp. 1-2.




Student/Teacher Sheet

The Earth’ s Water Resources

SOURCE SURFACE WATER % OF TOTAL
AREA VOLUME WATER
(mi?) (mi°)
Surface water 330,000 30,000 .009
freshwater lakes
=Yomi. deep
Saline lakes 270,000 25,000 .008
Stream channels 500 .0001
Subsurface water <2 50,000,000 1,000,000 31
mi. deep
Subsurface water 50,000,000 1,000,000 31
>Yomi. deep
Soil moisture + water 50,000,000 16,000 .005
in vadose zone
Glacierd/ice caps 6,900,000 7,000,000 2.15
Atmosphere 197,000,000 3,100 .001
Oceans 139,500,000 317,000,000 97.2
TOTAL 326,000,000
Figure 1




Student/Teacher Sheet

Porosities

Porosities of specific materials. Approximate ranges are:

Materias Porosity, percentage
Silts and clays (that have not been significantly 50- 60
compacted)
Fine sand 40 - 50
Medium sand 35-40
Coarse sand 25-35
Gravel 20- 30
Sand and gravel mixes 10- 30
Glacid till 25-45
Dense, solid rock <1
Fractured and weathered igneous rock 2-10
Permeable, recent basalt 2-5
Vesicular lava 10 - 50
Tuff 30
Sandstone 5-30
Carbonate rock with original and secondary 10- 20
porosity




Student Sheet

CONVERSIONS
lyd3® =271t
1 acre = 4047 n?
1 hectare = 10,000 n?
1m=328ft
1 acre = 43,560 ft?
1t =7.48 gal

1m? =35.31ft3



Student Sheet

HINT PAGE - Use Student Sheet on Conversions.
A. To start this problem, look at the conversion sheet.
1. Convert to nv.
2. Convert m®to ft®.

3. Convert ft* to gallons.

B.
1. Porosity = mi®of H,0 (volume of H,0)
mi® of soil (volume of soil)
2. Volume = area x depth.
( mi® of soil = mi? of land x depth in miles)
C.
1. Convert acresto meters.
2. Volume = area x depth.
3. Water yield = volume x porosity (convert to decimal).
D.

1. Convert inchesto ft.
2. Convert ft to meters.

3. Convert acresto m?.

4. Multiply area (n?) x rainfall that becomes groundwater (m) = n.
5. Must convert m? to ft* first.

6. Convert ft* to gallons.



Teacher Sheet

A. To start this problem, you must look at the conversion sheet.

1.

N

1.

Convert to .

42 x 10°km® x 1x10°m® =4.2x10"°m?
1 km?

Convert m® to ft°.

42x10°m* x 35.31ft° =1.483x 10Y ft
1im

Convert ft* to gallons.

1.483x 10" ft® x 7.48gad =1.11x 10® gd

1ft3
Porosity = mi®of H,O  (volume of H,0)
mi® of soil (volume of soil)

. Volume = area x depth.

mi® of soil = mi? of land x depth in miles
mi® of soil = (5x 10°) x 0.5=25x 10" mi®

Porosity = 1x10° = 0.04 or 4%
2.5x 10’

Convert acres to meters.

1000 acres x 4074 nY = 4.074 x 10° m?
1 acre

2. Volume = area x depth.

4.074x 10°m* x 800m=3.26x 10° m®
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Teacher Sheet (cont)

. Water yield = volume x porosity (convert to decimal).
3.26x10°m* x 0.20=6.52x 10° m®

. Convert inches to ft.

7in x 1ft = 058ft
12in

. Convert ft to meters.

058ft x 1m = 0.177 mof raininto groundwater
3.28 ft

. Convert acresto m?,

1000 acres X 4047 m? = 4.047 x 10° m?
1 acre

. Multiply area (m?) x rainfall that becomes groundwater (m) = m®.
4047 x10°m? x 0177m = 7.16x10°m’
. Must convert m® to ft2 first.

7.16x10°m* x 36.311t2 2.53 x 107 ft®

1me

. Convert ft3 to gallons.

253x10"ft® x 7.48¢ga = 1.89x 108 gal
1ft3



Student Sheet

T Z0NME OF AERATION
Supperts Plant growth

ZONE OF SATURATION
Groundwatey

Large Pﬁt“dtg,
Llow angle of repese

High permeability

Medium- sized ?MHE.I:*E
Medium angle of repese
Medium permeability

Small particles
large angle of repose
Low Pcrmmbih'}j
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o FROM GROUND TO WATER

OBJECTIVES /e )

SUBJECTS:
Language Arts, Science

. . (Physical Science, Earth
The student will do the following:

Science)
1. Define groundwater. TIME:
. . . 1 class period
2. Describe some problems involving groundwater.
. . . . MATERIALS:
3. Discussideas relating to groundwater issues. Sudent sheets:

The Hidden Resource -

Groundwater Keeping It Safe
BACKGROUND INFORMATION \KeepingltProtected D

Groundwater begins with precipitation that seeps into the ground.
The amount of water that seepsinto the ground will vary widely from place to place depending on dope
of the land, amount and intensity of rainfall, and the type of land surface.

Many people think of groundwater as underground lakes or streams; however, ground-water is sSimply
water filling spaces between rock grainsor fractures and fissuresin rocks. A body of rock or sediment
that can yield water in a usable quantity is called an aquifer.

Rain and snowmelt percolating down through the soil are the sources of groundwater. Plants consume
much of thewater that entersthe soil, and asmall amount isheld onthe soil grains. Somewater in the soil
evaporates, and some flows out of the soil into lakes and rivers.

Groundwater isusudly invery dow motion. Therate of groundwater flow isdetermined by the dope of
the water table and the sizes of the pores among the rock and soil particles.

Groundwater does not occur all the way to the core of the Earth. Beneath the water-bearing rocks
everywhere, at some depth therocksarewater-tight. Thisdepth may beafew hundred feet or, morethan
likely, tens of thousands of feet.

Terms

aquifer: porous, water-bearing layer of sand, gravel, and rock below the Earth’ s surface; reservoir
for groundwater
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fault: afracture in the Earth's crust accompanied by displacement of one side of the fracture with
respect to the other

fracture: abreak in rock that may be caused by compressional or tensional forces

groundwater : water that infiltratesinto the Earth andisstoredin usableamountsinthesoil and rock below
the Earth’ s surface; water within the zone of saturation

por e apassage; channel; atiny opening, usually microscopic

satur ated zone: aportion of the soil profilewheredl poresarefilled with water. Aquifersarelocatedin

this zone. There may be multiple saturation zones at different soil depths separated by layers of clay or

rock.

saturation: being filled to capacity; having absorbed all that can be taken up

surface water: precipitation that does not soak into the ground or return to the atmosphere by
evaporation or transpiration. It is stored in streams, lakes, rivers, ponds, wetlands, oceans,
and reservoirs.

trangpiration: processin which water absorbed by the root systems of plants moves up through the
plants, passes through pores (stomata) in their leaves or other parts, and then evaporates into
the atmosphere as water vapor; the passage of water vapor from aliving body through a membrane
or pores

unsaturated zone: a portion of the soil profile that contains both water and air; the zone between
the land surface and the water table. The soil formations do not yield usable amounts of free-

flowing water. It isalso called zone of aeration and vadose zone.

water table: upper surface of the zone of saturation of groundwater

ADVANCE PREPARATION

Have copies of Student Sheets ready for class distribution.

PROCEDURE

|. Setting the stage
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A. Haveterms and definitions on the board.

B. Have students write terms and definitions in journals if vocabulary words are to be
used as part of an overall unit word study.

C. Give students copies of one or more of the Student Sheets that are to be used.
Allow for independent reading time or assign sections to be read individually.

D. Have aclass discussion of handouts led by teacher or student. Have on hanseveral leading
guestions that may be developed in class discussion; these could come from Background Information.

[1. Activity

A. Read the Student Sheets on Groundwater. Write a newspaper article addressing
groundwater problems.

B. Create athree-frame comic strip addressing one problem involved in groundwater
contamination.

C. Compose awell-written business letter (using the form suggested in your English
textbook) to an official in the area, or ask one in the local state agency to speak
to the class concerning groundwater in the area. Follow up with athank-you letter.

D. Write a newspaper story relating your findings of the groundwater situation in
your area.

E. Prepare alesson plan for presentation to afifth-grade class in which groundwater

issues are addressed. Include terms and definitions, questions for discussion,
and a short follow-up quiz.
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[11. Extensions

CRYPTOQUOQOTE: Hereshow itworks. Oneletter ssandsfor another | etter; doubleletters, singleletters,
punctuation, and frequency of usearedl clues. Usudly E isthe most frequently used letter, and THE is
the most frequently used three-letter word. Have fun!

FW XBPZRFPXQ WZWXPT LZJIZAW

YFJJAWB AH JZMKZQ HVAR JFWQHZJJB

FWQ AWX IKWQVXQ LZJIZAW YFJJAWB

HVAR JZMKZQ ZRUAKWQRXWPB FWWKFJJT

JXFO ZWPA YVAKWQ-SFPXV ZW PIX

KWZPXQ BPFPXB.

Solution:

An estimated 90 billion gallons of liquid from landfills and 100 billion galonsfrém q u i d
impoundments annually leak into groundwater in the United States.

RESOURCES

Arms, Karen, Environmenta Science, Holt, Rinehart, and Winston, Inc., Austin, TX, 1996.

Fact Sheet on Water, U.S. Environmental Protection Agency, Washington, D.C. (pamphlet).

“Ground Water: The Underlying Issue”, Alabama Geological Survey, Tuscaloosa, AL (pamphlet).
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Student Sheet

The Hidden Resour ce - Groundwater
Every day Americansrely onaresourcethat is*hidden” initsnatura surroundings. Hidden beneath layers
of soil and rock is the Earth’s largest freshwater supply: groundwater. The estimated supply of
groundwater in the lower 48 statesis 65 quadrillion gallons or about 4 times the amount of water in the
Great Lakes. Itisthe source of water for about half of the U.S. residentsand nearly 97 percent of therurd
population.

Groundwater originatesasprecipitation. 1t seepsinto theground, filling thespaces and pores between soil
particles or the fractures and fissuresin rocks. The underground areawhere dl the pores and spaces are
filledwithwater iscalledthesaturated zone. Different geologica formationsholdvaryingamountsof water,
but those that yield water in usable quantities are called aquifers. Usualy, groundwater flows slowly
through an aguifer; the rate can be aslittle as half an inch per year. The flow can be consderably faster
in limestone caverns, volcanic lavatubes, or large rock formations where groundwater may resemble
underground streams.

Aswater travels through the soil and rock, it picks up water-soluble materials and carries them along.
Some of the materialsin groundwater occur naturaly, but many constituentsin groundwater arethe result
of humanland useactivities. Different soilshavedifferent capacitiestofilter and absorb wastes. However,
once groundwater is contaminated, it is difficult and may be impossible to clean up. When possible,
cleanup is very expensive and may require many years.

Inmany geological formations, groundwater movesso s owly that contamination can remain undi scovered
foryearsuntil thecontaminated groundwater isbrought to the surface by springsor wells. Duringthat time,
the pollutants can spread and contaminate large volumes of otherwise usable groundwater.

Potential sources of contaminants that threaten groundwater in the United States include the following:

C ~23 million septic systems

C ~390 million tons of municipa and industrial waste in 6,000 landfills

C ~1.7 million active oil and gas wells and ~1million abandoned wells

C ~72,000 active cod and minera mines, ~60,500 oil and gas; ~1,500 metal mines; ~5,000 codl;
~6,000 active non-metal

C ~1.1hillion poundsof pesticidesused each year; 660 million pounds of Alachlor and Atrazine used
per year

C ~50 million tons of fertilizer used each year

C ~306 million gallons of improperly disposed motor oil

C ~1.2 million underground storage tanks

C ~7.4 million tons of deicing salts applied to highways each winter; Snow Belt states receive 100
metric tons per road mile during the winter
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Student Sheet

KEEPING IT PROTECTED

An estimated 90 billion gallons of liquid from landfills and 100 billion gallons from liquid
impoundments annually leak into groundwater in the United Sates.

Listed below are some of the waystomake sure that future generationswill have clean, safe groundwater
supplies.

C Have your septic tank pumped out every three to five years.

C Do not store pesticides, fertilizers, and herbicides near awell.

C Make sure abandoned wells are properly filled in and sedled.

C Store home-heating oil in an above-ground storage tank where leaks can be easily detected.

C Usefertilizers and pesticides on lawns and gardens sparingly and follow all label directions for
mixing, use, and disposal of empty containers.

C Report chemicd or toxic spillson land, in the air, or in the water by caling the 24-hour National
Response Center toll-free at 800-424-8802.

C Do not pour toxic or hazardous substances into sinks or toilets, on the ground, or into sinkholes.

C Collect used motor oil and recycle it at used-oil collection centers or service stations.

C Cover your wellhead with a cap and grade the soil around the wellhead so that runoff water is
diverted away from the well.

C Test your well water for bacteria and nitrates once a year.
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Student Sheet

KEEPING IT SAFE

Everyone has aroleto play in keeping our water supplies safe. Everyday activities affect water quality.
By being cautious about the use of hazardous substances - pesticides, fertilizers, herbicides, paints, fuels-
and the disposal of al types of waste, every citizen can help keep our water resources safe and clean.

Consider some of the following alternatives to hazardous household chemicals and products:

C Uselotions or gelsinstead of aerosol sprays.

C Use rechargeable batteries.

C Use 1 part vinegar to 32 parts water to wash floors.

C Use amixture of sat and lemon juice to clean copper.

C Use dry cornstarch or baking soda as a rug cleaner.

C Use non-phosphate detergents.

C Use cedar chips as an adternative to moth balls.

C Use 2 tablespoons of vinegar to 1 quart of water as a window cleaner.

4-17



4-18



o WHAT'STHE LEVEL?

OBJECTIVES
The student will do the following:

1. Describe, usngscientificterms, themovement of thewater
table.

2. Locate the saturation zones and identify the function
of each.

BACKGROUND INFORMATION

Conservation and protection of groundwater are vital issues.
Before students can understand the movement of water and
other groundwater concepts, they must understand the role of
the water table and the soil’ sability to determineitsriseand fall.
Thisactivity involves using researched material (vocabulary
terms) and critical thinking skillsto develop amodel of this
concept.

Terms

bedrock: the solid rock that underlies al soil, sand, clay,

/SU BJECTS: )

Science (Environmental Science,
Physical Science), Art

TIME:
1-2 class periods

MATERIALS:

for each group:

list of terms and dictionary and/or
environmental glossaries

2 identical sponges(4x 6isa
good size)

1 shallow pan large enough for the
spongesto fitinto  lying flat
4 cups of water in ameasuring cup
or beaker

index cards or construction

paper

markers or pens; colored pencils
food coloring

\student sheets )

gravel, and loose material on the Earth’s surface; the bottom layer

imper meable (substance): a substance through which other substances are unable to pass

per colation: the downward movement through the subsurface soil layers to groundwater

unsaturated zone: a portion of the soil profile that contains both water and air; the zone between
the land surface and the water table. The soil formations do not yield usable amounts of free-
flowing water. It isaso called the zone of aeration and vadose zone.

waterlogging: condition that occurs when the water tablerises too near the surface causing plantsto die

as aresult of water filling air spaces in the soil
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water table: upper surface of the zone of saturation of groundwater

zone of saturation: that region below the surface in which all voids are filled with liquid

ADVANCE PREPARATION

A. Gather the materials.

B. Copy Student Sheets -- one per group.

PROCEDURE

Setting the stage

A. Thepurposeof thisactivity isfor studentsto utilizeinformationgained from defining termsandthen
discover answersontheir own. Therefore, they should be given additiona suggestionsuntil they have
had time to figure out the model for themselves.

B. There are severa ways to approach thislab. Usually the students will stack the
two sponges on top of each other and pour the water over them until they become
saturated. However, some students may pour the water into the pan, saturate one of
the sponges, and set the dry sponge on top. And still others may dunk the sponges
into the cup of water, wring them out, and then proceed.

C. The sponges represent the soil and are similar to soil because they have the ability to hold water
and air withintheir pores, become saturated, and dry out. The spongesaso allow for the percolation
of the water down to the zone of saturation. The pan, being an impermesable substance, represents
the bedrock and thus does not allow the water to penetrate but instead blocks its flow and startsthe
water tablerisng. Thewater will represent groundwater whenitisheld withinacompletely saturated
sponge, soil water when it isheld within awithin adamp (but unsaturated) sponge and precipitation
when it is poured over the top of the sponges.

D. Itisimportant that the sudentsdefine the terms prior to building the modd and answering thelab

guestions. Remind students that they may have to use severa sourcesto get a definition they
understand.
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Activity
A. Give each lab group of students the following materials:
1. List of terms and a dictionary and/or environment glossaries (on Student Sheet)
2. Two identical sponges
3. Shallow pan
4. Four cups of water in a measuring cup or beaker
5. Index cards or construction paper
6. Markers or pens; colored pencils
7. Student lab sheet
B. Tell studentsto read the directions on the lab sheet and complete the lab. They
may not work with or discussthislab with another group. They areto turnin thelab sheet and model
when they have finished.
Follow-up

A. Have each group orally explain its model to the teacher or to other groups.

B. Join two or more groups and let them go over their answers, adding or deleting
information as needed, until they have a clear understanding of the materials.

. Extensions

A. Let students ssmulate climate conditions, such as drought or high temperatures,
and note the changes.

B. Assign students to research the process of waterlogging and devise an experiment
to test the procedure.

C. Have students research what happens to plants, homes, septic tanks, and roads
when the water table is only one foot below the surface.
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RESOURCES

Arms, Karen, Environmental Science, Holt, Rinehart, and Winston, Inc., Austin, TX, 1996.

Chiras, Daniel D., Environmental Science, High School Edition, Addison-Wesley, Menlo Park, CA.

Nebel, Bernard J. and Richard T. Wright, Environmental Science: The Way The World Works,
4th Edition, Prentice-Hall, Englewood Cliffs, NJ, 1993.
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Student Sheet

NAMES OF GROUP MEMBERS:

DIRECTIONS:

Asagroup, buildamodd that illustratesdl of thetermslisted bel ow and then usethismodel to answer the
statements in STEP FOUR.

STEP ONE: Define the following terms:

1. water table

2. zone of saturation:

3. unsaturated zone:

4. impermeable:

5. permeable

6. percolation:

7. bedrock:

STEP TWO: Construct amodd that illustrates each of the terms defined above, usng only the following
meaterials:

2 identical sponges

1 shalow pan
4 cups of water in ameasuring cup or beaker
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Student Sheet

STEP THREE: Draw apicture of your model and label all parts.
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Student Sheet

STEP FOUR: Answer the following by using the terms you have defined.

1. Does soil saturate from the top to the bottom or from the bottom to the top? Explain your
answer.

2. Doesthewater tableleve changepositions? If yes, what brings about these changes. If no, why not?
Explain your answer.

3. Why issoil able to become saturated?

4. Compare and contrast the materials you were given to their natural counterparts.

5. Hypothesize what would happen to the plant life on the surface if the water table wereto rise
close to the surface.

6. Hypothesize what would happen to the plant life on the surface if the water table were to fall
to the bedrock.
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WHAT GOES ON DOWN UNDER?

OBJECTIVES

The student will do the following:

1. Explain some sources for the recharge and
discharge of groundwater.

2. Identify the connection between surface and
groundwater.

3. Describethereationship between soil grainsizeand water
flow rate.

4. Identify arock type and geological formation.

BACKGROUND INFORMATION

Many people depend on groundwater for their supply of
drinking water. Groundwater is water in the ground, and it
occurs everywhere beneath the land. This does not mean that
any well will encounter a sufficient quantity of water that will
flow at an acceptablerate. On the contrary, the rate at which
wellswill flow, or therate at which water can be pumped from
them, variesfrom atrickle to more than amillion galonsaday.

Why isthis? Thisvariability results from the way that water occurs underground. Some people believe
that groundwater comes from underground lakes and rivers. Whileitistrue that many caves do contain
alot of water, nearly al groundwater is actudly found in tiny cracks and holesin the rock. Some rocks
contain many holesthat arewe | connected to oneanother; theserockscontain substantial amountsof easly
produced water and are called aquifers (from the Latin words agua and ferre, meaning “water” and
“bring”). Tight rocks, those with few and small holes that may be poorly connected, produce very little
water and are cdled aguitards or aguicludes. Aquicludes block water flow amost completely, whereas
aquitardspermit someflow of water, albeit commonly at suchalow ratethat itisof littleuse. Thereareno
true aquicludes, any rock will transmit somewater. However, some rocks transmit water at such an
infinitesma rate that it might aswell be none at al. Aquifersarerock units that have much open space
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/SU BJECTS:

Science (Ecology, Earth
Science, Physical Science)

~

TIME:
2-3 class periods

MATERIALS:

per group:

one clear container (plastic
sweater box)

gravel to fill container over
2cm

two 500 ml paper cups

1 pump dispenser (from lotion
or soap bottle)

sod (about 1 square foot per
container)

500 ml of water

grease pencils

SCiSsors

ice pick

coffee filter

\soil samples )




(agquifersare porous). These open spaces are well connected so that fluids may flow easily through the
rock (aquifersare permesble). A porous and permeablerock is like asponge; it can hold alot of water,
and it can give up alot of water quickly. Aquiferstend to be interlayered with aguitards and aquicludes
s0 if adeep well isdrilled, there might be severd different aquifersthat could be tapped to supply weter.
The water in different aquifers under the same piece of land can be very different; the aquifers may be, to
al intents and purposes, separate.

Evenwherelargeriversor lakes could provide abundant water, many people chooseto drill wellsfor their
drinking water. Thisis because groundwater islesslikely to be polluted than surface water. Most of the
potential sources of pollution (for instance, farms, paper mills, or septic tanks) are at the surface or very
closeto it (for example, underground storage tanks). Thus, most pollution occurs at or very near the
surface, and nearly al surface waters show at least some signs of pollution. However groundwater is
somewhat protected from thiscontamination. Water travelsd owly in the subsurface with speedsof inches
or feet per day. Thus, even if some unwanted substances enter the ground, they may take along timeto
penetrate deeply enough to affect the groundwater supply. Also, degper aguifersthat underlie aquicludes
may beisolated from surface-derived contamination. Groundwater iscommonly treated with chlorineto
kill bacteriaif it isto be used for drinking, but most groundwater needs no other trestment. Groundwater
is a priceless resource that we ought to conserve, protect, and use wisely.

Terms

aquiclude: alow-permesability unit that forms either the upper or lower boundary of a groundwater
flow system

aquifer: porous, water-bearing layer of sand, gravel, and rock below the Earth’ s surface; reservoir
for groundwater

aquitard: alow-permeability layer of rock or clay that can store water but transmitsit very dowly from
one aquifer to another

artesan well: awdll that produces water without need for pumping dueto pressure exerted by confining
layers of soil

discharge: the outflow of groundwater from a flowing artesian well, ditch, or spring
dowsing: to search for a source of water or minerals with adivining rod
drawdown: the lowering of the water table as water is removed from an aquifer

geologic map: amap of the Earth’s surface with surface geologic formations superimposed over
existing features such as roads, streams, lakes, and other features

4-28



geological formation: abody of rock identified by lithic characteristics and stratigraphic position;
the fundamental unit in lithostratigraphic classification

groundwater: water that infiltrates into the Earth and is stored in usable amounts in the soil and
rock below the Earth’ s surface; water within the zone of saturation

hydraulic head: the height of thefree surface of abody of water aboveagiven subsurface point; the sum
of elevation, pressure, and velocity components at a given point in an aquifer

igneous rock: rock that solidified from a hot, liquid state
lithic: of stone

lithostratigraphy: the arrangement of rocksin layers or strata; the branch of geology dealwmghthe
study of the nature, distribution, and relations of the stratified rocks of the Earth’s crust

metamor phic rock: rock made by heating and pressurizing preexisting rocks

outcrop: the exposure of bedrock or strata projecting through the overlying cover of detritus and soil
per meability: the capacity of aporous material to transmit fluids. Permeability isafunction of the Szes,
shapes, and degree of connection among pore spaces, the viscosity of the fluid, and the pressure driving
the fluid.

por osity: adescription of the total volume of rock or soil not occupied by solid matter

recharge: (1) to replenish a waterbody or an aquifer with water; (2) the replacement of any water
that may have flowed out or been pumped out of the aquifer

road cut: ahill, ridge, or mountain side excavated for aroad right-of-way. Road cuts |eave exposed
strata, rock, and soil that can be viewed in their natural state if not covered or vegetated.

sedimentary rock: arock that consists chiefly either of small pieces of rock cemented together
(sandstone) or of crystals that grew from water (rock salt, limestone)

sinkhole: a hole caused by collapse of the land surface, commonly because underlying limestone
rock has dissolved away

water table: upper surface of the zone of saturation of groundwater
well: abored, drilled, or driven shaft or dug hole. Wells range from afew feet to more thamibesin
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depth, but most water wells are between 100 and 2,000 feet in depth.

ADVANCE PREPARATION

A. Copy Student Sheet and collect materials.

B. Theteacher may wish to put 8-10 small holes, using an ice pick, into one cup for each group.

PROCEDURE

Setting the stage

A. Discuss Background Information with students.

B. Put terms with definitions on the board.

C. Divide students into groups of 3-4. Distribute materials.

Activity

A. Construct amodel of an aquifer.
1.Have studentsuse gravel to construct subsoil aquifersin the plastic container. Cover the gravel
with sod on each side of the container to represent hillswith avaley between. Thevadley isonly
to contain gravel to a height of about 2 cm.
2.Have one student in each group hold the cup with the holes over the model.
3.Then have another student pour 500 ml of water into the cup for a

simulation of rain. Tell students to note how the water infiltrates the gravel

to become groundwater. Also, have them note what happens to the water
falling on the sod.

4.Have a third group member draw a line with a grease pencil at the water
level in the container all the way around the container. Note: The pencil
mark illustrates the water table. Explain that a pond is formed when the
water table is higher than the land surface.
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5.Have a student in each group insert the pump into one of the hills on the
side of the valley, pushing the bottom down to the groundwater.

6.Allow students to press the pump several times after the water has begun

to flow. Catch the water in the paper cup with no holes. Instruct students
to observe what is happening to the water table. Where did the water go?
What is happening to the pond?

7.Discuss the concept of discharge. Discuss the effect of groundwater
pumping on natural streams and lakes.

8.Have students answer these questions:

a. Where does groundwater come from? (snow, Sleet, rain: precipitation)

Water could move from a stream or lake to recharge a water table if
the table is below the stream level.

b. What would happen to a neighborhood if awell were drilled near a
stream or pond and enough water pumped to lower the water table?
(Some water from a stream or lake would be removed by the pump
through the well. 1f enough water were removed, the stream or
pond might go dry.)

B. Ask students to discover aquifer conductivity by doing the following:

1.Take samples of soil from various locations in the community.

2.Describe the samples' grain size, color, and any other observed physical
characterigtics.

3.Place a standard volume in a coffee filter holder or other suitable container.
4.Pour a known volume of water through the different samples.

5.Measure the time it takes for the water to pass through the various soil
samples and record.

6.Analyze the relationship between soil grain size and the rate of time it takes

for the water to pass through the sample. Write a brief statement about
this.
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C. Have students identify a rock-type, geological formation and determine the
possibility of an aquifer by doing the following:

1. Stop at aroad cut and pick up arock that isindicative of the area.
2. Determine the location of the sample site on a road map.

3. Locate a geologic map of the area and determine the formationsin the
area.

4. Determine whether the rock is of metamorphic, igneous, or sedimentary
origin.

5. While at the outcrop, look for groundwater seeps.
6. Draw asketch of the outcrop.
7.Analyze the rock and the formation. Determineiif it isan aquifer.
D. Pass out the puzzles and post or pass out the word list.
[11. Extensions

A. Have students research different types of aquifersin different regions of the
country and present findings to the class.

B. The Student Sheet Puzzle could be timed or done as a contest and aquiz given
with the terms used in it.

C. Students could do library research on their local aquifer. The results of this

research could be turned in as research papers, presented to the class, or presented
in other places, such as alocal meeting of conservation or environmental grouarty council.
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RESOURCES

College or univergty libraries and Geology departments can also be very helpful. Many informative
brochures about groundwater have been published by a variety of entities.

The environmental agency in each state. (Seelist in back of guide.)
The Geological Survey in each state. (Seelist in back of guide.)

The U. S. Geological Survey.
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Student Sheet

GROUNDWATER PUZZLE
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Teacher Sheet

GROUNDWATER PUZZLE
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DO YOU DRINK IT?

9-12

OBJECTIVES
/SU BJECTS: N
The student will do the following: Science (Physical Science, Ecology,
Earth Science), Social Studies
1. Create an aquifer model. (Geography)
2. Locate mgjor U.S. aquifers. TIME:
2 class periods
3. Explain how awell works.
MATERIALS:
4. Examineawell’s relationship to the 3-liter soda bottles
water table. aquarium gravel
sand (coarse)
5. Apply principles of well placement. pump from aliquid dispenser
blue, yellow, & red food coloring
6. Explandifferentwaysthatgroundiscontaminated. | Paper Cups
straws
student sheets
droppers
BACKGROUND INFORMATION scissors or razor blades
\markers )

An aguifer isan underground layer of rock or soil that

holdsthewater calledgroundwater. Theword “aquifer” isderived fromtheLatin“agua’ meaning “water
. and“ferré” meaning “tobring” or “toyidd.” Theability of ageologica formationtoyieldwater depends
ontwo factors- porosity and permeability. Porosty isdetermined by how much water the soil or rock can
hold in the spaces between its particles. Permeability means how interconnected the spaces are so that
water can flow freely between them.

Therearetwo typesof aquifers. Oneisaconfined aquifer, in which awater supply issandwiched between
two impermeablelayers. These are sometimes called artesian aquifers because, when awell isdrilled into
thislayer, the pressure may be so great that water will spurt to the surface without being pumped. Thisis
anartesanwell. Theother typeof aquifer isthe unconfined aquifer, whichhasan impermesblelayer under
it but not aboveit. It isthe most common type.

Aquifers may be categorized according to the kind of materia of which they are made. A consolidated
aquifer iscomposed of aporousor fractured rock formation. M ost unconsolidatedaguifersare composed
of buried layers of sandy, gravelly, or soil-like material.
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Thetop surface of the groundwater is called the water table. The water table depth varies from area to
areaand fluctuatesdueto seasonal changesand varying amountsof preci pitation. Excessive pumpingfrom
the aquifer (wells) can also lower the water table.

Perhaps the largest aguifer in the world is the Ogallaa aquifer located in the midwestern United States.
Thisagquifer isnamed after aSioux Indiantribe. It isestimated to be more than two million years old and
toholdabout 650trilliongallons(2,500trillionliters)! 1t underliespartsof eight states, stretching about 800
miles (1,288 km) from South Dakotato Texas. The Ogdlada aquifer supplies vast amounts of water to
irrigate the crops in this vitally important agricultural area

Not only isgroundwater usedtoirrigate crops, butitisaso usedfor drinkingwater. About half of theU.S.
population getsits drinking water from groundwater. Wellsreach into the water table and bring water to
the surface by being pumped by hand, windmill, or motor-drivendevices. Inancient days, thesewellswere
dug by hand and lined with stonesor bricksto prevent the sidesfrom collapsing. Today, most areformed
by drilling a 2-4 inch (5-10 cm) hole and lining it with metal or plastic piping.

The biggest problem facing well water is contamination. Sources of groundwater pollution are leaking
underground storagetanks, | eaking septi ctanksor septictankswithinadequatedrainfields, landfill seepage,
anima waste, fertilizer, pesticides, industrid waste, road sdt, and somenatural contaminants. Another big
problem causing groundwater contamination isabandoned wellsthat are not properly closed. Theseleave
direct channelsfor contaminantsto enter the aguifers. Somewellsare even used to inject waste materids
intotheground. When agroundwater sourceiscontaminated, itisvery difficult and expensiveto clean up.
The best way to protect well water is to prevent contamination from occurring.

Another typeof well isan underground injection well. Thistype of well isused asameans of wastewater
disposa, aquifer recharge, or solution mining of an economically significant mineral from a geologic
formation. The most prevalent use of underground injection, however, is for wastewater disposal.

Underground injection wells have even been classified into categories by the U.S. EPA. They areas
follows:

Class | Municipa and hazardous/non-hazardous industrial waste
Class Il Oil and gas field wastes and enhanced recovery injection
ClassllIl Solution mining

Class IV Shallow hazardous waste disposal (banned)

Class V All other types of injection (floor drains, storm drains, etc.)
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In most states, Class| hazardous and 1V wells are prohibited. All states that have oil and natural gas
production have Class 1l wdls. ClasslIl, or mining wells, inject water to solution mine adesired minerd
(as<dt). Injection wells not fitting any of these categories are ClassV wells. Septic systems serving 20
or more people aday and floor drainsfound at service stations and car washes are examples of Class V
wdlls.

Note: Two background information charts (A& B) should be supplied with this background narrative.

Subsurface disposa by wells depends on the capacity of the geologic formation to attenuate wastes that
are properly injected into it.

Terms

aquifer: porous, water-bearing layer of sand, gravel, and rock below the Earth’ s surface; reservoir
for groundwater

aquifer recharge: the addition of water by any meansto an aquifer

artesian aquifer: an aquifer that is sandwiched between two layers of impermeable materials andis
under great pressure, forcing the water to rise without pumping. Springs often surface from artesian
aquifers.

attenuation: dilution or lessening in severity

confined aquifer: an artesian aquifer

groundwater : water that infiltratesinto the Earth andisstoredin usableamountsinthesoil and rock below
the Earth’ s surface; water within the zone of saturation

imper meable (substance): a substance through which other substances are unable to pass
solution mining: atype of mining wherein water isinjected into awell to remove a desired mineral

unconfined aquifer: an agquifer containing unpressurized groundwater, having an impermeable
layer below but not above it

underground injection well: atype of well used for wastewater disposal, aquifer rechargephition
mining of minerals

water table: upper surface of the zone of saturation of groundwater
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ADVANCE PREPARATION

A.

Collect materials for activities.

1.Each student can be asked to bring one 3-liter bottle and a pump from aliquid dispenser, or each

group may prepare a group water pump model.

2.Fill three dropper bottleswith water. Tint thewater in each with adifferent color of food coloring.

Set aside.

B. Make atransparency of U.S. Aquifer Map. Make enough copies for students.

C. Makeatransparency of Well, Well, Well Map. Make enough copies for students.

D. Make copiesof Background Information and sheets on Pathways To Groundwater Pollution for
students.

E. Make atransparency of Model Example Sheet.

PROCEDURE

Setting the stage

A. Pass out Aquifer Map, Well, Well, Well Map, Background Information, and Pathways
to Groundwater Pollution shests.

B. Divide students into working groups of 3, 4, or 5.

C. Ask students to read Background Information, look at Pathways to Groundwater
Pollution sheets, and discuss information in their groups.

D. Put terms on the board and have students copy on the Background Information
sheet.

Activity
A. Show the students the transparency of the U.S. Aquifer Map.

1.Explain that the crosshatching on this map marks the places in the continental
U.S. where abundant fresh water is available from aquifers. In these aress,
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large groundwater supplies are used by industries, communities, and agriculture. Inthe areaswhere
thereareno markings, thereislesslikely to beplentiful groundwater available. Theseplaceswill, however,
havewd|sthat supplyindividua householdsand livestock operations. Remind studentsthat small aquifers
exist dmost everywhere, and that the map shows only mgjor aquifers.

2.AsK the students to answer the following by naming states.

a. Name severa states where plentiful groundwater is available almost
everywhere. (Florida, Mississippi, Louisiana, lowa, Delaware,
Nebraska, Michigan, New Jersey)

b. Name severd states that have the least groundwater in many places. (Montana, Washington,
Oregon, Idaho, Pennsylvania, Kentucky, West Virginia, Vermont, New Hampshire)

¢. Where does your state rank with groundwater supplies? What is
groundwater used for locally?

d. Why does your group think that some states do not have very
much groundwater?

e. What is an advantage in an area where aquifers are small?
(Contamination will not spread as easily.)

B. Show the students the transparency of the Well, Well, Well, Map.

1. Tell the students that one way to keep awell free of contaminantsisto

select agood site beforeit isdrilled. Tell them that they are not considering
the direction of groundwater flow in this activity, but that this would actually
be a big consideration.

2. Tell students that they are to mark the place on their map where they
think the well should be dug. They may illustrate thisin any manner they
choose.

3.Have students identify the possible groundwater contaminants on this map.
Ask them if they can think of other possible contaminants.

C. Set out materials needed to make water pump and contamination models.
Instruct students to follow directions.
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1.Using the 3-liter bottle, cut off about %2 the top. Remove the black
bottom and fill the remaining clear portion with approximately 2 inches
(2510 3.7 cm) of gravel and then 2 inches of sand. (Use transparency
of model.)

2. Pour in 2 to 3inches (5to 7.5 cm) of water colored blue with food
coloring and mark the location of the water table with ablack or blue
marker.

3. Place the pump into the gravel with the tube extending into the water.

4. Pump water out of the model, catching the water in the cup.

5. Discuss how contaminants like agricultural waste, sewage, road salt, and
other surface contaminants can get into the groundwater. Demonstrate
this by using the yellow food coloring on the surface of the sand and “rain”
on your model. Pump more water out of the well. Observe results.

6.Place a straw into your model to represent an abandoned well. It should

reach the same depth as your pumping well. Pour a contaminant (red
food coloring) into abandoned well. Pump more water out of the pumping
well. Compare this means of contamination with the surface contamination.

[11. Follow-up

A. Have students list at least four possible sources of groundwater contamination.

B. Have students demonstrate knowledge of vocabulary by using the terms correctly
in an explanation of groundwater, wells, and groundwater contamination.

C. Students should try simulating other types of contamination (leaking underground
storage tanks) with their model.

D. Using the Background Information on underground injection wells, answer the
following.

1. Some states, such asHorida, useinjection wellsto recharge vauable aquifers used for drinking

water. Ligt the pluses and minuses of this practice asit relates to environment and public health.
What Class well would this be? Why?
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2. Class Il wells are used to re-inject salt water or liquid waste from oil and
gasproduction. They are dso used for further recovery of oil when reservoirs are depressurized but
recoverable product remains. What is this called? How doesit work?

V. Extensions
A. Have students contact their local health department to obtain guidelines on digging new wells.

B. Sharewithstudentsthefoll owinginformation about dows ng or “ water witching” and diviningrods.
Some people will not have awell drilled without calling awater “witch”or “dowser” to locate the
groundwater. Water witches or dowsers have been around for thousands of years. They use
meta or wooden sticks (“divining rods’) to locate places where wells should be drilled. Some even
predict the depth of the water table. Dowsers are not always successful in their efforts, but many
people believe in their special ability to find water. Ask students to research thecal use and
efficacy of dowsing.

C. Write the American Groundwater Trust (6375 Riverside Drive, Dublin, Ohio 43017)
for more information about wells and groundwater protection.

RESOURCES

Banks, M., British Calendar Customs, Volume 1, William Glaisher, Ltd., London, 1937.

Branley, F.M., Water for the World, T. Y. Crowell, New Y ork, 1982.

“Groundwater Pollution Control,” American Groundwater Trust, Dublin, Ohio, 1990.

“Ground Water: Issuesand Answers,” American Ingtitute of Professiond Geologists, Arvada, Colorado,
1984.

Grades 3-5 Water Sourcebook.

U.S. Department of the Interior, Water Dowsing, 1993, p. 15.
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PATHUVAYS TO GROUNDWATER POLLUTION
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HYDRAULIC HEAD S

OBJECTIVES

The student will do the following:

1. Apply knowledge of the controlling variables for
groundwater flow.

2. Demonstrate groundwater flow direction based on
hydraulic head observations.

BACKGROUND INFORMATION

/SU BJECTS:
Science (Physical Science,
Physics), Math

TIME:
1 class period

MATERIALS:
copies of student sheets and

\background information

~

J

Thewater in the ground (groundwater) fills pore spacesin the subsurface rocks and sediments. Thewater
inthelower part of thezone of porosity fillsal the pore spacesand createsasaturated materia (Figure 1).
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Thegroundwater isstored or flowsthrough the porespaces and isacted on by three outsdeforces. These

forces are: (taken from Fetter, 1988)

1. gravity- that which pulls water downward.
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2. externd pressure- acombination of atmospheric pressure and the weight of over lying sedimentsand
water.

3. molecular attraction- that which causes water to adhere to other surfaces and to itsalf.

Whenit hitsthe ground, rainwill be drawn by gravity downward through the soil zoneto a zone saturated
by water. The externa pressure on the saturated zone creates a pressure (fluid pressure) in the saturated
zone. At thisdepth, the fluid pressure is greater than the externa pressure. However, asthe top of the
saturated zone is approached, the fluid pressure decreases until at some depth the pressure of the fluid in
the poresis equal to atmospheric pressure. This surface, where fluid pressure is equal to atmospheric
pressure, is called the water table and defines the top of an unconfined aquifer.

Inadditiontotheoutsideforcesacting onthegroundwater, thereisan energy containedinthe groundwater
that causesthe water to move. Thetota energy in groundwater consists of three components. pressure,
velocity, and elevation of the water body (el evation head). Because groundwater velocities are low, this
energy component isessentialy zero. Theremaining components can be defined by an equation called the
Bernoulli equation (Figure 2). In this equation, the potential energy at agiven point (hydraulic head) is
equivaent to the el evation at apoint of measurement (el evation head), such asawell screen, plusthe depth
of thewater column that risesinawel| (pressure head). Thepressure head and how high thewater column
risesin awell are functions of the externa pressure (Driscoll, 1986).

Figure 2

Bernoulli’ s Relationship

h=Z+P [ GROUND SURFACE

Where: h = hydraulic head
Z = elevation head
P = pressure head

PolNT oOF
MEASUREMEMNT
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Coumum (sea tever)
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{Figure 2)
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Inawater table or unconfined aquifer, the top of the saturated zoneis at atmospheric pressure, which is
congtant acrossasite. Because the pressure head is constant across the site, this component is generdly
not taken into consderation when calculating the energy to drive groundwater to a point of discharge.
Therefore, the height of thewater column, z, representsthe actual energy availableto drivewater through
aquifer materials to a point of discharge like awell or spring (Driscoll, 1986).

Just as hest flows through solids from higher to lower temperatures, groundwater flows through porous
mediafromhigher tolower hydraulic head. Thisconcept iseas esttoimaginewhen consderingwater table
aquifers. Thewater table, becauseitisat atmospheric pressure, will follow gpproximately the contours of
the surfacetopography (Figure3). Thedifferencesin e evation head between point g, at ahigher elevation
head, and point b, at alower elevation head, force the groundwater towardsthe lower energy potential or
towardsthelower elevation head. Therate of groundwater flow towardsawell or spring is proportional
to the difference in elevation head between the source (high) and discharge (low) areas.

Figure 3

Figure 3

MONITORING WELL

MONITORING WELL

AR et e
B (P D S
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Terms

atmospheric pressure: the pressure or force per unit area, exerted by the atmosphere on any surface
beneath or within it

Bernoulli Principle: the statement in hydraulics that under conditions of uniform steady flow of water in
aconduit or stream channel, the sum of the velocity head, the pressure head, and theead due to
elevation at any given point is equa to the sum of these heads at any other point  plusor minusthe
losses in head between the two points due to friction or other causes

elevation head: the elevation of the point at which the hydrostatic pressure is measured, above or
below an arbitrary horizontal datum

fluid pressure: the mechanica energy per unit mass of afluid, a any given point in space and time, with
respect to an arbitrary state and datum (fluid potential)

groundwater: water that infiltrates into the Earth and is stored in usable amounts in the soil and rock
below the Earth’s surface; water within the zone of saturation

hydraulic head: the height of the free surface of abody of water above a given subsurface point; the sum
of elevation, pressure, and velocity components at a given point in an aquifer

pore space: the volume of the open spaces in rock or soil
porosity: the spacesin rock or soil not occupied by solid matter

pressure head: the height of acolumn of liquid supported, or capable of being supported, by pressurep at
apoint in the liquid

saturated zone: a portion of the soil profile where al pores arefilled with water. Aquifers are located in
thiszone. There may be multiple saturation zones at different soil depths separated by layersof clay
on rock.

unconfined aquifer: an aquifer containing unpressurizedgroundwater, having animpermegblelayer below
but not above it

unsaturated zone: a portion of the soil profile that contains both water and air; the zone between

the land surface and the water table. The soil formations do not yield usable amounts of free-
flowing water. It isaso called the zone of aeration and vadose zone.
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water table: upper surface of the zone of saturation of groundwater

ADVANCE PREPARATION

A. Copy Background Information and Student Sheets for students.

B. Copy or put on board terms and definitions for students.

C. Enlarge and make transparencies of Figures 1-3 in Background Information.

PROCEDURE

Setting the stage

A. Discuss Background Information using transparencies.
B. Review vocabulary.
Activity

A. Havestudentscompl etethelnfiltration, Discharge, and Flow Direction Student Sheet by indicating
the direction of flow of groundwater based on differencesin elevation heads. Indicate, above the
picture, pointswherewater islikely toinfiltratethewater tableor dischargeinto asurfacewater body.

B. Have students ca cul ate the differences in head eevations between the highest point of the water
table or h,,,, and the water bodies, Lake 1 (h ;) and 2 (h ,), on ether side of the idand.

Discussion questions:

1.

Since h, is greater than h ,, does any water from L, flow across the island to discharge into
L,?

Answer: h,, isgreater than h,; therefore, water isflowingfromtheidandintoL ,, and thewater from
L, does not contribute to L.

If the idand were to experience drought and there were no more preci pitation, what would happen
to the water table and groundwater flow conditions?

Answer: The water table would decline, probably becoming a nearly flat surface, and provide a
gradient of flow between L, and L.
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RESOURCES

Bates, R.L. and Jackson, J.A., Editors, 1987, Glossary of Geology, 3rd Ed., American Geological
Institute, p. 788.

Driscall, F.G., Groundwater and Wells, 2nd Ed., Johnson Division, 1986, p. 1089.

Fetter, C.W., Applied Hydrogeology, 2nd Ed., Merrill Publishing Co., 1988, p. 592.
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Student Sheet

LoCATE INFILTRATION, DISCHARGE, WATER TABLE,

AN FLOW DIRECTIONS,
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Student Sheet
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Teacher Sheet
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FLOW NETS

9-12

OBJECTIVES
The student will do the following:

1. Determine the directions of groundwater flow using

/SU BJECTS: )

Science (Physical
Science), Socia Studies
(Economics, Political

flow nets. Science)
2. Apply the concept of pressure head and groundwater flow | TIME:
conditions to solve several logistical problems. 1 class period
MATERIALS:
BACKGROUND INFORMATION copies of background
information
Flow netsprovideagenera knowledgeof theregional groundwater \student sheets Y,

flow patterns that the hydrologist can use to determine such
information as areas of recharge and discharge. Freeze and
Cherry (1979, pg. 168) have stated that flow netsareanimportant concept of hydrology. They state, “The
proper construction of flow netsis one of the most powerful andytical tools used by the hydrologist to
analyze groundwater flow.”

Inwater table aguifers, groundwater behaves much like surfacewater inits patternsof flow. For instance,
the water table surface, in porous media such as sand and gravel, generaly follows the topography of the
land (Figure 1a). Similar to surface water flowing from the top of a hill down into a stream valley,
groundwater flowsfrom the groundwater divideto thelower elevation and may dischargeinto the stream
valey asaspring.
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The surface of the water table isreferred to as potentiometric surface because it represents the elevation
(or total head) of the groundwater and can be defined by water levelsinwells. Thepotentiometric surface
isrepresented on amap by aseriesof contour lines (equipotentia lines) that connect pointsof smilar head
in an aguifer (Figure 1b). Theselines and surfaces are smilar to the land surface and the contour lines
represented on atopographic map. Oncethe potentiometric surface has been defined by the equipotential
lines, the groundwater flow direction can be determined. Groundwater flows perpendicularly to
equipotentia lines and from the higher to the lower head.

Reading: Xeroxed attachment from Driscoll, 1987, pages 79-81.
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Terms

discharge area: an area where groundwater flowing toward the surface escapes as a spring, seep, or
baseflow or by evaporation and transpiration

equipotential line: aline in atwo-dimensional groundwater flow field such that the total hydraulic
head is the same for all points aong the line

flow line: the line of flow of groundwater

flow net: the set of intersecting equipotentia linesand flow linesrepresenting two-dimensiond steedy flow
through porous media
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groundwater divide: a crest of the water table with flow going in opposite directions on either side

homogeneous: (1) uniform throughout in structure or make-up (for a substance or materia); (2) of
the same or similar nature or kind (for a group)

hydraulic head: the height of the free surface of abody of water above a given subsurface point; the sum
of elevation, pressure, and velocity components at a given point in an aquifer

infiltration: the flow of water downward from the land surface into and through the upper soil layers

isotropic: having physica properties, such asconductivity and e agticity, that arethesameregardlessof the
direction of measurement

potentiometric surface: asurfacethat representsthe level wherewater will riseinatightly casedwell. The
water table is the potentiometric surface for an unconfined aquifer.

recharge area: an area where infiltration moves downward into an agquifer

unconfined aguifer: an agquifer contai ning unpressurized groundwater having animpermesablelayer below
but not above it

water table: upper surface of the zone of saturation of groundwater

water-table aguifer: an unconfined aquifer

PROCEDURE

|.  Setting the stage
A. Copy the Background Information and Student Sheet for students.
B. Make transparencies of figures in Background Information.

1. Activity
A. From the potentiometric surface map shown in the Student Sheet, have students sketch the path
of water movement for groundwater that originates at the circled 800 in the upper left hand corner
of the map. Assume the aguifer is homogeneous and isotropic. (Figure and exercise for IRIS
Groundwater Hydrology Program, Regional Flow Course |, Module B- Lesson 2.) The student
should use straight edgeswithright angleto make higher flow linesperpendicul ar to the equi potential

lines.
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B. In class discussion, ask the students these questions.

1.Where is the groundwater flowing according to your constructed flow lines?
Answer: They should show that groundwater from the 800 line splits and
flows towards the cities of Waukesha and Milwaukee.

2.What could create the closed loop configuration of the equipotential lines
Around Milwaukee and Waukesha? Answer: City wells and their constant
pumping created a bowl shape from pulling water down toward wells.

3.1f the cities of Milwaukee and Waukeshaturned off dl the pumpsin their public water supplies,
what would happen to the potentiometric surface? To what point would the groundwater be
flowing? Answer: The surface would eventually flatten out, and the equipotential lines would
become straight and admost pardle to the shoreof Lake Michigan. Groundwater would beflowing
towards Lake Michigan. (Thisquestion showshow anaquifer can be affected by ahigh volume of

withdrawa from pumpsin thewater supply wells. The volume extracted
can change the configuration of the potentiometric surface.)

[11. Follow-up

A. Have students research the source of their community’ swater supply. Havethem cal or writeto
thecity water board or authority to find out specificsabout their aquifer (if groundwater isthe source).

B. Invite someone from the local water system to speak to the class if groundwater
is used, and/or schedule trip to awell field.

V. Extensions
If your areauses groundwater in any capacity, get potentiometric surfacemapsinthearea. Theloca

or state environmental or geol ogica agenciesmay have accessto these. Completethe same exercise
with these maps.

RESOURCES

Freeze, R. A. and Cherry, J. A., Groundwater, Prentice-Hall, Inc., 1979, p. 604.
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Student Sheet
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Teacher Sheet
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GROUNDWATER: CLEANING UP

9-12

OBJECTIVES /S UBJECTS.

Science (Environmental
Science, Physical Science,
Earth Science), Social Studies
(Political Science, Government

~

The student will do the following:

1. Create amodd and display board that informs other
students and/or the public about different aspects of
groundwater contamination that pose a threat to health

and human safety. TIME:

2-8 class periods

2. lllustrate some remediation activities that aid in

correcting these problems. MATERIALS:

box (cardboard or other)
various colors of paint

BACKGROUND INFORMATION poster board
thin strips of paper
Groundwater is one of the Earth’ s most valuable resources. g ui”
During the late 1970s, the readlization of the threats to the E:?r ative material
nation’s groundwater supplies and the implications of those NG J

threats became evident to natural resource managers and

society asawhole. Publicity about Stuations such as that encountered at Love Canal triggered both
concern and demandsfor action. Enactmentsfollowed, such asthe Resource Conservation and Recovery
Act (RCRA); Comprehens veEnvironmental Response, Compensation, and Liability Act (CERCLA); and
Safe Drinking Water Act (SDWA); forming the mgor thrust of the federal government’ s groundwater
protection policy.

In July 1991, a new “Groundwater Protection Strategy” was outlined in the final report of the
Environmental Protection Agency’s Groundwater Task Force. The Task Force was established in 1990
by EPA’s Adminigtrator to develop a comprehensive, national approach to addressing groundwater
protection concerns. EPA sdlected a“pilot state” for each region to help outline and refine the process
for developing a core groundwater protection program.

Some possible sources of groundwater contamination are listed below.

1. Leaking underground storage tanks (examples. gasoline tanks at service stations)
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2. Septic tanks (domestic or commercial wastewater on-site disposal systems)

3. Leaking above-ground storage tanks (ASTs) (examples: bulk fuel terminals, ASTs containing
heating fuel)

4. Spillsand leaks of solvents, fuels, and other chemicals being transported by rail, truck, or pipeline
(example: train derailment)

5.  Theimproper disposa of hazardous chemica wastes into septic tanks, unpermitted injection
wells, and unpermitted dumping areas

IS

Unpermitted dumps and landfills where solid and hazardous wastes have been disposed without
proper engineering and geologic considerations

Once polluted, groundwater must be cleaned up or remediated, if possible. There are severa methods of
remediation with pluses and minuses described in the following paragraphs.

AIR SPARGING

Engineershave used air sparging since about 1985 to clean contaminated aquifers. Inair sparging, wells
areused toinject agas, usudly air, beneath contaminated soils or aguifers. Theair causesturbulence and
groundwater mixing, whichincreasetherateof soil andwater contaminant desorption. Contaminantsmove
intotheair phase, and extraction or vacuumwells pull these vaporsthrough the vadose zoneto the surface.
Air sparging and soil vapor extractiontechnol ogiesrely on contaminant masstransport and biodegradation.
Experienced engineers can design asystem to enhance elther process. 1n both cases, oxygen transport is
essentid for the technology to work. The air sparging system will usualy consist of air sparging wells, a
s0il venting system, vapor monitor probes, groundwater recovery control, and air emissionscontrol. (See
Student Sheet Figure 1 for illustration.)

CHEMICAL OXIDATION TECHNOLOGY

Chemica oxidation technology was devel oped to destroy dissolved organic contaminants (fuels and
solvents) inwater. The technology uses ultraviolet (UV) radiation and hydrogen peroxide to oxidize
organic compoundspresent inwater at partsper million (ppm) levels. Thistreatment technology produces
no air emissions and generates dmost no residue, sudge, or spent media that require further processing,
handling, or disposd. Idedlly, end productsarewater, carbon dioxide, haides(for example, chloride), and,
insome cases, organic acids. Thetechnology uses medium pressure mercury vapor lampsto generate UV
radiation. The principa oxidantsin the system, hydroxyl radicds, are produced by direct photolysis of
hydrogen peroxide at UV wavelengths.

In Figure 2 on the Student Shest, contaminated water enters the oxidation unit through a section of pipe
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containing a temperature gauge, a flow meter, an influent sample port, and hydrogen peroxide and acid
injection points. Contaminated water is dosed with hydrogen peroxide before the water enters the first
reactor. After chemica injections, the contaminated water flows through a static mixer and enters the
oxidation unit. Water then flows through the six UV reactors, which are separated by baffles to direct
water flow. Treated water exitsthe oxidation unit through a pipe equipped with atemperature gauge, an
effluent sample port, and abaseinjection point. Base may be added to the treated water to adjust the pH
to meet discharge requirements.

Thissystemisusedtotresat landfill leachate, groundwater, and industrial wastewater dl containingavariety
of organi ccontami nantsincluding chlorinated sol vents, pesti cides, polynucl ear aromati chydrocarbons, and
petroleum hydrocarbons.

IN-SITU BIOREMEDIATION

Advancing technology is alowing scientists to isolate different microbes capable of performing many
beneficid functions. Severa thousand different kindsof microbesarefound naturalyin soil; however, only
asmall percentage of them are capable of breaking down contaminants. Furthermore, not all of these
pollution-consuming microbes are capable of quick and effective biodegradation.

Engineersand microbiol ogists have spent anumber of years experimenting with and devel oping severd of
the most effective Strains of synergistic microorganisms with metabolic pathways capable of degrading a
variety of hydrocarbon-based contaminants under either aerobic or anaerobic conditions.

These microbes are naturally occurring and are not genetically engineered. Microbid formulas are made
up of anumber of different strains of microorganismsthatwork symbiotically to removealarge variety of
contaminantsfrom the surrounding environment. Cultures areresilient to fluctuationsin pH, sainity, and
temperatures that frequently occur in thefield. Microbes have successfully remediated contaminants in
temperatures aslow as 40 degrees Fahrenheit. Microbes have remediated a variety of contaminants
ranging from PCPs, PCBs, DDT, and BTEX chemicasto paint thinners, municipa sewage, chlorinated
solvents, and creosote.

Once dl of the contaminants have been removed from the site, the microbes become self-consuming,
leaving behind organic materia that acts as afertilizer.

Terms

above-ground storage tanks (ASTs): any type of container used above the surface to store products.
Regulated A STsinclude those containing 660 or more gallons (in one container) or 1320 galons(in more
than one container) of oil of any kind and which pose a potential discharge to surface waters.

air sparging: injecting air into groundwater to help remove contaminants
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bedrock: the solid rock that underliesdl soil, sand, clay, gravel, and loose material on the Earth’ ssurface;
the bottom layer

biodegradation: the breakdown of materials by living things into ssimpler chemicals

chemicd oxidation: ameans of destroying dissolved organic contaminantsin water using ultraviolet (UV)
radiation, hydrogen peroxide, or other processes

hazardous waste: waste materials that are dangerous to human health and/or the environment

in-situ bioremediation: a means of degrading hydrocarbon-based contaminants at the site of
contamination

injection wel: awdl in which fluids, such as wastewater, sdtwater, natural gas, or used chemicals, are
injected in the ground for the purpose of disposal or to force adjacent fluidslike oil into adjacent into
the vicinity of producing wells

pH: ameasure of the concentration of hydrogenions (H*) in asolution; the pH scaerangesfrom 0 to 14,
where 7 isneutral, values less than 7 are acidic, and values greater than 7 are basic or alkaine. Itis
measured by an inverted logarithmic scae so that every unit decrease in pH means a 10-fold increase in
hydrogenion concentration. Thus, apH of 3is10timesasacidic asapH of 4 and 100 timesasacidic as
apH of 5.

plume: an area where a contaminant has spread out

soil venting: vacuum extraction or soil vapor extraction; a means of reducing concentrations of volatile
chemicasin petroleum products absorbed into soilsin the unsaturated zone. A vacuum is gppliedto the
s0il to create anegative pressure gradient that causes movement of vapors toward extraction wells. The
volatile chemicals are then removed through the well$reated, and discharged into the atmosphere or
reinjected to the subsurface.

synergistic: more than one agent working together to produce enhanced combined effects (i.e., a
greater total effect than the sum of the individual effects)

underground storagetank (UST): any tank, including underground piping connected to thetank, that has
at least 10% of itsvolume underground and contai nspetrol eum products or hazardous substances (expect
heating oil tanks and some motor fuel tanks used for farming or residential purposes)

vadose zone: the zone of aeration between the Earth’ s surface and the water table; area of the soil

that contains both air and water; same as unsaturated zone--zones between land surface and
the water table
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ADVANCE PREPARATION

A. Callect or have students bring in al the materias for construction of a groundwater model.

B. Copy and review Background Information.

C. Put terms and definitions on the board.

D. Some organizations loan out working groundwater models. Check with your local extension
agency, department of environmental management, or water resources research institute to
seeif these are available. (See Teacher Sheet.)

PROCEDURE

Setting the stage
A. Hand out Background Information and Student Sheets. Discuss with students.

B. Plan atimeand placeto display thefina product of thisactivity. 1t may beused for school and/or
community display.

C. If agroundwater model can be obtained, use it along with the activities  providedwiththe
model to demongtrate the hydrogeol ogic cycle and how the effect of (remediation) pumping and

treating agroundwater contaminant plume removes the contaminant that is athreat to health and
human safety.

Activity

Congtruct athree-dimensiona (box) modd of the surface and subsurface of the Earth, showing surface
features, soil, bedrock, and groundwater with various sources of contamination present from man-made
materids. Labe each area on the modd with aflag for reference to awritten explanation of the areaon
the display board. (See Student Sheet Figure 3 for drawings.)

Construction of Groundwater Model

1. Draw onsidesof box. Tracein soil/bedrock contact and successive geol ogic bedsgoing downward
toward the bottom of the model.
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2. Draw line through soil parallel to top of bedrock with a sloping downhill or
downgradient slant to represent the water table and its direction of flow.

3. Paint the soil and bedrock earthy colors, and paint the areain the soil below the water table line
a blue water color to the top of bedrock.

4 After placing possible sources of contamination on top of the model, paint
contaminationmoving straight down bel ow the source onthe side of themodel towardthewater table.

5.Show contamination entering the water table and flowing in the direction of

groundwater flow.

6.Cut and glue thin strips of white paper around areas of the “plume” of contamination
to represent monitoring of the vertical and horizontal extent of the plume. To
represent remediation of the plume, glue more strips into the plume and show
contaminant extraction or destruction through the appropriate technology.

7.0nthetop of themodd representing the ground surface, usetoothpicksor pinstolocateflagswith
letters that cross reference the area of concern to areference letter on the display board so that the
area and activity can be described.

Extensions

A. Have students research state and federal laws and any local ordinances that protect
groundwater.

B. Assemble a display board that informs people in the local community how their
groundwater resource is invaluable for human needs and how it is protected.

C. Present material on the display board that informs people in the local community
how their groundwater resource is invaluable for human needs and how it is protected.

RESOURCES

Arms, Karen, Environmenta Science, Holt, Rinehart, and Winston, Inc., Austin, TX, 1996.

Chiras, Daniel D., Environmental Science, High School Edition, Addison-Wesley,

Menlo Park, CA, 1989.

Nebel, Bernard J. and Richard T. Wright, Environmental Science: The Way The World Works,

4th Edition, Prentice-Hall, Englewood Cliffs, NJ, 1993.
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Student Sheet

AIR  SPARGING
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Student Sheet

Figure 2
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Student Sheet

Figure 3

GROUNDWATER MODEL EXAMPLE
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Teacher Sheet

CROUNDWATER ~ MODEL
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Thisgroundwater model isavery effectivetool for demonstrating the hydrogeol ogic cycle, for showingthe
effects of well pumping, and for showing how human activities can contaminate groundwater
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WHAT IS GROUNDWATER
POLLUTION DOING
TO THE NEIGHBORHOOD?

9-12

OBJECTIVES

The student will do the following:

1. Explain the potential impact of the environment on
health.

2. Describe some carcinogenic contaminants and
possible sources of them.

3. Deveop possible ways to work toward lessening or
eliminating the contaminants from the environment.

BACKGROUND INFORMATION

Chemicdsintroduced into the environment may find their way into groundwater and become hazards.
The Environmental Protection Agency (EPA) hasset drinking water standardsthat list amountsin mg/l
(ppm) above which ahedth hazard could be posed either immediately or over thelong term at sustained
exceedance levels. They dso list some possible sources for carcinogens and other hazardous

compounds.
Terms

carcinogen: cancer-causing agent

hot spot: region where an unusually high number of deaths are due to cancer that might be linked

to environmental contamination

partsper million (ppm): ameasurement of concentration of 1 unit of materia dispersed in 1million units

of another (for water, same as mg/l)

477

/SU BJECTS: )

Science (Ecology, Socia
Studies (Geography), Health

TIME:
1 class period

MATERIALS:
colored pencils
student sheets
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ADVANCE PREPARATION

A.

B.

Copy Student Sheets for each student.

Become familiar with Ellen’s story.

PROCEDURE

Setting the stage

Share Ellen’ s story with the students. Distribute Student Sheet Limestone Ridge drawing and
(optional) EPA Standards (located on Factsheet pages F-73 thru F-77).

Activity

A. Have students follow the coded key, complete the schematic using the given
information, and answer the questions.

B. Discuss findings as a group
Follow-up

A. Have students write astatement accepting or rgecting their hypotheses. Explain why thetest
turned out like it did.

B. Have students list some possible sources of coliform contamination in the samples that were
positive.

C. Discuss how these contaminants affect the cost of purifying drinking water. Ask sudentsfor
ideas on how to prevent contamination.

Extensions

A. Have students ask questions of relatives and friendsto try to discover any potential “hot

spots.”

B. Have students write a letter to the EPA regarding a problem they may discover
fromtheir questions(A) or writea® smulated letter” regarding theproblemintheactivity (the* hot
spot” on Limestone Ridge Road).
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RESOURCES

Arms, Karen, Environmental Science, Holt, Rinehart, and Winston, Inc., Austin, TX 1996.

Chiras, Daniel D. Environmental Science, High School Edition, Addison-Wesley,
Menlo Park, CA, 1989.

“National Primary Drinking Water Standards,” EPA, Washington D.C, February, 1994. (Latest
version obtainable from the Safe Drinking Water Hotline, 1-800-426-4791).

Nebel, Bernard J. And Richard T. Wright, Environmental Science: The Way The World Works,
4th Edition, Prentice-Hall, Englewood Cliffs, NJ, 1993.
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Student Sheet

ELLEN'S STORY - LIFE (AND DEATH) ON LIMESTONE RIDGE ROAD

Ellen had lived on Limestone Ridge Road for 44 years, dl of her life except for the four years she had
gone away to college. Shewastypicd of may of the resdents of Limestone Ridge Road whose parents
and grandparents had lived there beforethem. All of the househol ds obtained their drinking water from
wells, and most of the families had been farmers for several generations.

Inthe40 yearsEllen had lived ontheroad, many of theresidentshad died, especidly inthelast tenyears.
Ellen’s parents and sister had died of cancer in the last ten years.

Ellen had just returned from yet another neighbor’ sfunera, aneighbor who had, coincidentaly, died of
cancer. As Ellen began to think about those who had died in the last ten years, she was astonished to
realize that almost every death she could remember could be attributed to cancer!

Ellen began a neighborhood drawing recording deaths by the house location of each, recording
surroundingindustry atitslocation, and a so recording what i nformation shecoul d obtain about chemicals
that had been used in farming along the road.

It isimportant to notethat farmersareamong the highest occurrences of skin cancer dueto long/frequent
exposure to sun. Therefore, al cancer sources may not be totally due to drinking water.
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Student Sheet

Name; Period: Date:

LIMESTONE RIDGE ROAD DATA

# OF HOUSEHOLD HOUSEHOLD
MEMBERS DEATH INFORMATION
(INCLUDES DECEASED)

4 A. Made, age 54, heart atack; Female, age 52,
cancer

2 B. Male, age 72, cause unknown

1 C. Female, age 62, cancer

5 D. Male, age 14, cancer

5 E. Male, age 53, cancer

4 F. Femae, age 64, cancer; Male, age 68,

cancer; Female, age 47, cancer

2 G. Male, age 62, heart attack

4 H. Female, age 41, cause unknown
2 l. No deathsin ten years

3 J No deathsin ten years

2 K. Female, age 60, cancer

0 L. Unoccupied house

6 M. Male, age 51, cancer

3 N. No deathsin ten years
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Student Sheet (cont.)

KNOWN CHEMICAL USE

1 In fields behind houses E-H and K; ALACHLOR, SIMAZINE, NITRATES.

2. In fields behind houses M and K: METHOXY CHLOR, HEXACHLOROBENZENE,
NITRATES.

Record the aboveinformation on the schematic drawing of the neighborhood. Usethefollowing KEY':

(RED DOQT)cancer death (BROWN SHADING) herbicide
(ORANGE DOT)heart disease death (PURPLE SHADING) insecticide
(YELLOW DOT)cause unknown pesticide

Answer the following questions:

a How many deaths have occurred in the past ten years along this section of Limeston&idge
Road?

b What percentage of the deaths were caused by:

Cancer? Heart Attack?

C. What appear to be some environmental factors that could have influenced the
development of cancer?

d. If you lived in this neighborhood, what could you do to try to change the
contaminant levelsin the area?

e Have students research the carcinogenic nature of each chemical.
f. Assess neighbor’ s well depth.

g. What is the direction of groundwater flow?
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Teacher Sheet

1. L ook at student’ s color coded drawing, or preparean overhead transparency of the drawing and
color code with input from students.
2. a 13 deaths

b. 9/13 = 69% of the deaths were due to cancer

C. 2/13 = 15% of the deaths were due to heart attack

d. Answers will vary -

Couldinclude: limit or éiminate contaminants sprayed on crops, check and change, if needed, by-
products of plastics plant.

NOTE: Accumulated contaminants in the soil would be difficult to “ clean-up.”
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Student Sheet
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RADON IN WATER

9-12

OBJECTIVES (sUBJECTS R

Science (Ecology), Socia
The student should learn the following: Studies (Geography), Math
1. The meaning of "radon". TIME:

1 class periods
2. The human health threat from radon in water and air.

MATERIALS:
3. When water should be tested for radon. \Handouts of Student Sheet/s

4. The general ways radon can be removed from homes
and water.

5. Where there is a higher probability of finding radon problems.
BACKGROUND INFORMATION

Radon-222isanaturally occurringradioactivegasformed from thedecay of uranium and radium found
throughout the earth's crust. It decaysinto solid particles which adhere to dust and other particlesin
theair. These can then be breathed into the lungs, causing lung cancer. Therisk isafunction of totd
radon concentrations and the duration of exposure. Infact, radon isthe second leading cause of lung
cancer after smoking, causing an EPA-estimated 14,000 degths per year. Since radon has ahdf-life
of 3.8 days, it has sufficient time to move through soils or water and into a home.

Radon is colorless, odorless and tasteless, so its presence in water or air can only be determined by
testing. It isthe most serious problem for humans when it enters ahome from the soil beneath the
foundation or it is brought in with well water and escapesto theair. EPA has established an action
level of 4 pCi/L for indoor radon. This means that if a home measures at 4 pCi/L or above, the
homeowner should haveit fixed. The4 pCi/L action level does not represent a"safe” level. Radon
isacarcinogen, sonoleve isabsolutely safe. However, itisanatural part of the environment, sothere
isno such thing asa"0" radon level. Radonisnot one of the radionuclides currently regulated in
drinking water, though standards have been proposed.

Radonisfairly solubleinwater, thuswill dissolvein groundwater when rel eased by surrounding soil or

rock. If awdl isdug into ageologic stratum which has a high uranium/radium content, the radon can
find itsway into the well water and eventualy be brought into the home. When someoneturnson a
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faucet, takesashower, or runsadishwasher, the radon will escapeto theair whereit can be breathed.
Thereissomerisk fromingesting or drinking water with high radon levels, however the primary hedth
risk is from breathing radon decay productsin the air.

Therelease of dissolved radon into the house air isoftenreferred to as"de-gassing” of thewater. De-
gassing occurs primarily when the water is brought into contact with air, facilitating escape of radon
from the water. The most de-gassing occurs when the water is aerated or sprayed, as in a shower.
Heating the water will decrease radon solubility, also causing release of the dissolved radon.

Whenatown'sdrinking water comesfrom surfacewatersingtead of groundwater, radonisusualy not
aproblem. It has achance to escape to outdoor air before being brought into the home. Asarule of
thumb, it takes 10,000 pCi/L of radon in water to increasethelevel inahomeby 1 pCi/L. However,
this can vary widdy. If ahome measureslessthan 4 pCi/L, then even if itswater supply sourceisa
well, the water probably does not need to be sampled for radon. If the home measuresabove 4 pCi/L
and has awell, then radon in water may be a contributing factor.

Radon problemsin homes, however, are rdatively easy to fix. The most common gpproachiscaled
active soil depressurization. In this method radon-containing soil gas is drawn away from the
foundation before it can enter the home, and is vented to the outdoors where it is quickly diluted in
outside air. One or more pipes are inserted through the slab into the soil below. The pipes are
connectedtoafan, usualy intheattic, and extended through theroof. Thefandrawstheradonthrough
the pipe and vents it above theroof levd. If the home has acrawl space, the same generd approach
can be used, except the pipe is run through a plastic vapor barrier which is placed on the soil.

If water is contributing to the indoor radon problem it must be treated as well. The water can be
passed through avessel containing activated carbon. The radon and its decay products are adsorbed
onto the carbon, wherethey can decay away. The water can aso be aerated, causing the radon to de-
gas, or stored for atime above ground. The latter two approaches are not as practical for homes
however.

EPA has devel oped aMap of Radon Zones asaguide for radon officids. The authors evaluated the
radon data which had been collected from around the country, then looked at geological maps to
determinewheretheuranium content wasthehighest. Every county intheUnited Stateswasthenrated
Zone1, 2 or 3, with Zone 1 countiesbeing themost likely to havehomeswithradon levelsgreater than
4 pCi/L. However, homeswith elevated radon levels have been found in both Zone 2 and Zone 3
counties. A separate book was prepared for each state to provide the background details for the
county designations. Because such information is continually being updated, EPA recommends that
every home be tested, regardless of its location.
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Terms
aeration: exposing to circulating air

picocuriesper liter (pCi/L): unitsfor measurement of radioactivee ement concentrationsinwater and
inar

radon: colorless, odorless, tasteless, naturally occurring radioactive gas formed from natural
deposits of uranium that can cause lung cancer. It can enter the home around plumbing pipes and
through cracksand openingsin thefoundation. It can also be brought in with the home'swater supply.
radon decay products:. theradioactived ementsthatimmediately follow radon-222inthedecay chain.
They are ultrafine solids that tend to adhere to other solids, such as dust particlesin the air, or lung
tissueif inhaed.

solubility: ability or tendency of one substance to blend uniformly with another

ADVANCE PREPARATION
Contact the State Radon Program to obtain a state book of Map of Radon Zones. Copy the

appropriate state map, Map of Radon Zones, drawing of the house (without entry routes identified),
drawing of Mesa Village, and questions.

PROCEDURE

Setting the stage.
A. Present background information and terms.
B. Discuss the drawing of Mesa Village.

1. Activity.

A. Distribute Student Sheets of questions on Mesa Village. Have students answer
questions individually or as a group.

B. Didtribute drawing of the home. Have students attempit to identify possible radon entry
routes.
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C. Distribute or show Map of Radon Zones and appropriate state map. Have
students find where they live. What Zone is the school in?

D. Answer any general questions.
1. Follow-up.
Have students research:

A. Where their drinking water comes from. Does it represent a potential radon
problem?

B. Whether their state drinking water program tests for radon in water. 1f so, what kind of
results have been found?

C. Whether anyone they know has tested for radon. What were the results?

D. If the home had elevated radon levels was it fixed? How? Was radon in water a
contributing factor?

E. Theuranium decay chain. The difference between d pha, betaand gammaemitters. What do
radon decay products emit?
RESOURCES

A Citizen's Guide to Radon, EPA 402-K92-001, September 1994.

Consumer's Guide to Radon, EPA 402-K92-003, August 1992.

Home Buyer's and Seller's Guide to Radon, EPA 402-R93-003, March 1993.

Radon Reduction Techniques for Detached Houses, 2nd Edition, EPA 625/5-87/019,
January 1988.

Radon Reduction Technigues for Existing Detached Houses, 3rd Edition, EPA 625/R-93/011,
October, 1993.

Removal of Radon from Household Water, EPA OPA-87-011, September, 1987.

Map of Radon Zones, EPA 402,R-93-071, September 1993.
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Student Sheet

Mesa Village

Residentsof Mesa Village heard there might be aradon problem in their area. They decided to have
a couple of housestested for indoor radon and radon in water. They selected House #2 and House
#4. The following results were obtained.

House #2 = Indoor Radon 8 pCi/L

= Radon in water 30,000 pCi/L
House #4 = Indoor Radon 3 pCi/L

= Radon in water 10,000 pCi/L

1. Looking at the schematic of Mesa Village, were Houses #2 and #4 an adequate sample?
Why or why not?

2. What else can be noted about the sampling?

3. How much of the indoor radon might have come from well water and how much from other
sources?

Houses #1 and #5 were tested with the following results:

House #1 = Indoor Radon 6.2 pCi/L
= Radon in water 23,000 pCi/L
House #5 = Indoor Radon 13 pCi/L

4. How much of theindoor radon might have come from well water and how much from other
sources?

5. House #5 does not have awell. Where did the radon come from?

6. How did the radon get into House #s 1 and 5?
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Student Sheet

House #3 was tested with the following results:

House # 3 = Indoor Radon 3 pCi/L
= Radon in water 45,000pCi/L

7. How would you explain the low indoor level, given the high radon in the water level ?
8. Given the hdf-life of radon, would it be practical in home situations to simply store water

until the radon concentrations dropped to a level which would not cause a problem? Why
or why not?

4-90



Student Sheet
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Teacher Sheet
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Teacher Sheet

4.

Answer Sheet
Houses #2 and #4 do not provide an adequate sample because:
a)Every home should be tested
b)A house with a high radon level can be right next door to one with alow level.

The water should not be tested for radon until the levels inside the home are found to be
above 4 pCi/L.

Using the 10,000 to 1 rule of thumb:

House #2 = 5 pCi/L from other sources
= 3 pCi/L from water
House #4 = 2.9 pCi/L from other sources

= 0.1 pCi/L from water

Using the 10,000 to 1 rule of thumb, gpproximately 2.3 pCi/L came from the water and 3.9

pCi/L from other sources.

5.

7.

Probably from the soil beneath the house. In some instances radon can be emitted from
building materials.

Using the schematic of the house, show how radon came in through cracks in the
foundation, floor to wall joints, the shower. etc. in House #1.

The owner of House #3 could be a single person or someone who travels alot, resulting
inlesswater usage. Theownersof Houses#1 and #2 could havelarge familieswho would use

much more water. If the water is not turned on, the radon does not escape to the air.

8.

No, because too much storage capacity would be needed.
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Student Sheet

LABEL THE MAJOR RADON ENTRY ROUTES
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Teacher Sheet

MAJOR RADON ENTRY ROUTES
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A. Cracksin concrete dabs F. Weeping (drain) tile
B. Spaces behind brick veneer walls G. Mortar joints
C. Pores and cracks in concrete blocks H. Loose fitting pipe penetrations
D. Floor-wall joints |. Open tops of clock walls
E. Exposed soil, asin sump J. Building materials, such as rock

K. Water (from some wells)
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LANDFILLS AND THE POTENTIAL FOR
GROUNDWATER CONTAMINATION

(wriEets )

SUBJECTS:
Science (Chemistry,
Environmental Science), Math

9-12

OBJECTIVES

The student will do the following:

_ TIME:
1. Define waste and |eachate. 3-4 class periods per procedure
. : - i _ homework
2. Deac?bea_sanltary landfill in terms of its construction 1 month (minimum) for leachatel
and function. collection
3. ldentify some common chemica and physical MATERIALS:

properties of leachate and the problems these can

lastic garbage can (30 gallon
cause in groundwater. plastic garbage can (30 gallon)

clear Plexiglas®, +/- 4" x 30"
(Be sure to modify thisif you
choose to use a13 gallon
kitchen trash can.)
membrane filtrate

5to 10 gallons of soil
screw-in, plastic faucet with
securing nut

_ o ) asmall piece of screened wire
Most of our household waste is buried in landfills. An +- 2" square

important factor in how landfills are built is how they caulking compound
containwasteand prevent waste from contaminating nearby waterproof glue for plastic
soil and water sources. The possibility of leachate | e gallon of distilled water
contaminating soil and groundwater existswherever wastes | jiform bacteria test

are disposed. laboratory thermometer
student work sheets (included)

4. ldentify sitesin the community that are possible
sources of contaminants in runoff waters and
groundwaters due to unsupervised, unprotected
garbage disposal sites.

BACKGROUND INFORMATION

Leachateisafluidthat has passed through or emerged from gloves
the wastein alandfill, picking up avariety of suspendedand = )
dissolved materials along the way. Leachate generation

depends on the amount of liquid originaly contained in the waste (primary leachate) and the quantity
of precipitation that enters the landfill through the cover or that which

comesindirect contact with thewaste (secondary leachate) prior to being covered. Factorsthat affect
leachategeneration are: climate (rainfal), topography (run-on/run-off), landfill cover, vegetation, and
type of waste.
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Inunlinedlandfills, theleachate continuestoleachinto theground and may contaminate groundwater.
Many old landfills used a simple clay liner for containing leachate (clay is one of the most
non-permeable soils). Newer landfills are required to meet federd and state requirementsto prevent
environmenta contamination(SubtitleD landfills). Theselandfillshavesophisticatedliner systemsoften
made of heavy-duty, high dengty polyethylene (HDPE) plagtic, where leachate is collected at the
bottom. Theleachateistypicaly treated on-site or is pumped out and sent to a local wastewater
treatment plant. Treated |leachate can be disposed of in anumber of ways (e.g., discharged to surface
watersor recirculated back into thelandfill). SomeStatesalso dlow continued useof clay liners, if the
liner meetsfederd and state performance sandards, and if |eachateis properly collected, treated, and
disposed of.

In thislesson, the landfill model represents the construction of a Subtitle D sanitary landfill to hold
municipa waste.

A common convenient procedure for disposal of household and domestic garbageistotakeit to the
nearest ravine, hollow, or back road and leave it in acompletely unprotected situation. Because this
kind of behavior issuch an accepted and uncontested way of lifefor many households, theeffect of this
garbage upon water quality can be overwhelming. Often there is absolutely no regard for the
contamination potentia of someof theseitems. Theresultsof thiscan betheintroduction of very toxic
substances into the streams and groundwater. An understanding of the long-term harmful effects of
these actions would influence the future actions of students and their counterparts toward proper
garbagedisposal. Such an understanding of the part of the community leaderswill possibly influence
legidation and enforcement.

Terms

aquifer: porous, water-bearing layer of sand, gravel, and rock below the Earth’ s surface; reservoir for
groundwater.

groundwater: water that infiltrates into the Earth and is stored in usable amounts in the soil and rock
below the Earth’s surface; water within the zone of saturation.

leachate: aliquid that results from water collecting contaminants asit trickles through wastes, or soil
containing agricultural pesticides or fertilizers

percolate: to drain or seep through a porous and permeable substance; to filter such asaliquid
passing through a porous body (water through soil to the aquifer)

residue: something that remains after a part is taken away
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ADVANCE PREPARATION
A. Make copies of Student Sheet (3).
B. Ask students to come up with some of the materials to construct the sanitary landfill model.
PROCEDURE
I.  Setting the stage
A. Discuss with the students the following:
1.What is waste?
2.What does the term “biodegradable” mean? (Note that some of the elements
necessary for biodegradability - air, water, and sunlight - are not available
in alandfill. Without air, water, or sunlight, there is no degradation.)
3.What are the sources of waste? Give examples.
4.What happens to the waste from our homes, schools, and businesses?
Then what? (Lead students to the conclusion that most waste isburied in a
landfill.)

5.Why iswaste disposal an important issue?

6.Have students identify some local sites where household garbage is
disposed illegally.

7.Discuss the possible effects of illegal disposal on surface water and
groundwater.

B. If possible, make arrangements for students to visit the nearest landfill site or
arrange a presentation by alocal waste management or public health expert.
Explain how alandfill is constructed. Discuss:

1.Site selection.

2.Methods and operations.

3.Chemical and biological reactions occurring in a completed landfill.
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4.Methane gas and leachate movement and control.
5.Landfill design criteria and regulations.

C. A the students to describe what they think the properties of landfill leachate might be (in
terms of pH, bacteria, and suspended solids) and what the processes occurring in its formation might
be. (Seeing thelandfill operation or hearing apresentation by alandfill operator first will give students
abetter understanding. Asaless-than-complete-but-effective dternative, have sudentstakeatrip to
the school dumpster. (This may reveal the early formation of leachate, as liquid wastes have
probably started to accumulate in the bottom of the container.) Students could test the pH of |eachate
from the school dumpster.

D. Ask each student to bring to class a small plastic bag containing household wastes,
including foodstuffs (vegetable and fruit peels, no meat or dairy products), yard
trimmingsor plant residue, metal, paper, plastic, and cloth. Asthey bringthesmall bagsof waste, have
them deposit the bags in alarger bag or other large container.

E. Have the materials and equipment gathered for constructing the landfill model. (See student
Sheet: Construction of a Sanitary Landfill Model.) Divide the classinto teams.

1. Activity

A. Give the teams copies of the Student Sheet: Construction of a Sanitary Landfill
Model, and proceed with the landfill model construction and waste preparation.

B. To prepare for the ssimulated rainfall, determine the average annual precipitation for
your geographic area. Information is available from the state climatologist or local
extension agent of National Weather Service.

1.Divide the average annual precipitation by 52 to calculate the average
weekly precipitation.

2.Measure distilled water to equal the amount of the calculated average
weekly precipitation and sprinkle it over the soil in the model landfill.

3.Repeat the addition of “average weekly precipitation,” keeping arecord of
the number of “weeks,” until water beginsto collect in the bottom of the mode landfill. (The
liquid that collectsin the bottom is a leachate.) Be prepared to allow several weeks of
adding precipitation to obtain enough leachate to perform this activity.
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C. Monitor the temperature by inserting athermometer asfar as possible into the center of the
landfill model and keeping a daily record of temperature readings. This can be an excdlent
graphing exercise.

D. Onemonth after theaddition of water, withdraw all of the leachate from themode and test for
pH, total suspended solids (liquid weight minus weight of solids), hardness, coliform bacteria
(optional), and other water quality parameters for whichtests are available.
1.Compare the results of these tests with the properties of distilled water and
graph the results.

2.Discuss what can be done to prevent leachate from contaminating
groundwater and surface waters.

Explantothecl assthat | eachatecontaminationcanbecontrolled through landfill designand operationa
requirements(i.e., exclusion or hazardouswasteand liquids). For example, landfill linersand leachate
collection systems help to control contamination.

E. How L eachate Contaminates Groundwater
To determine how leachate, once it has reached an aquifer, contaminates groundwater,
conduct the following experiment:

Material Needed:

4 petri dishes

4 sted nails

Soap

Rubbing alcohol

Paper towels

Universal indicator paper
A sample of the leachate
Household ammonia
Household vinegar

Tap water

Safety goggles

1.Measure the acidity of the leachate from this activity with universa
indicator paper. Compare it with indicator dipped in tap water, household
ammonia, and household vinegar.

2.Clean the nails with soap and water, rinse with acohol, and dry with paper
towels. Be careful not to touch the nails with bare hands after rinsing.
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3.Fill each of the four petri dishes about half full. Place tap water in one,
leachate in the second, household ammoniain the third, and household
vinegar in the fourth. Place one nail in each dish.

4.After afew days when the liquid has evaporated, observe the nails. Record
the observations. Have the nails changed in appearance?

F._.How L eachate Affects Plants
To perform another experiment with the leachate sample, ask the students to bring
to class an egg carton containing nine eggshell halves.

Y ou will aso need the following materias:

3 different types of soil (clay, loam, sand)

Approximately 20 small plants 1" to 2" high (radishes germinate quickly)
Soil testing kit

Student Record Sheets (included)

1.Discuss soil structure and compare soils with three different structure types
- heavy (clay), medium (loam), and light (sand).

2.Have the students prepare three seed beds from each of the three soil types,
using the eggshell halves as containers. (Have the students prick tiny
drainage holes in the bottoms of the eggshell halves.)

3.Have the students sow severa radish seeds in each shell half and keep them
moist during germination. (Plastic wrap laid on top will hold moisture in
the soil.)

4.When the radish plants are one or two inches high, water one bed of each
soil type with distilled water (control group), one bed of each soil type with
leachate drawn directly from the landfill model, and the other bed of each
type with leachate that has been passed through a column of soil. (Discuss
the movement and dilution of leachate, including how continued movement
changes the degrees of dilution.) Use the same measured volume of liquid on
each plant. (Be sure not to overwater.)

5.Have the students record the condition of the plants after one hour, 24 hours, and 48 hours.
Observefor sgnsof obviousill effects(or, asmight be possible, temporarily beneficid effectsfor
added nutrients in the leachate). Record the observations on the Student Sheet: How Leachate
Affects Plants,
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G._How L eachate Affects Living Things
Measure 1 ml of leachate in a container and add 99 ml of distilled water (to
simulate the dilution of leachate due to normal movement through soil.)

1.Place 10 to 20 living Daphnia in the container. (Daphnia are any of a
variety of small freshwater crustaceans of the genus Daphnia, some species
of which are commonly used as food for aquarium fish.)

2.Record any changes of activity or obvious death after 1 minute, 2 minutes,
and 5 minutes.

H.CAUTION: MAKE SURE STUDENTS TAKE PROPER PRECAUTIONS, SUCH AS
WEARING PROTECTIVE CLOTHING, GLOVES, AND GOGGLES,

BEFORE PARTICIPATING IN THE FOLLOWING SEGMENT OF THE
EXPERIMENT:

Include hazardous wastes - household chemicals such as hazardous pesticides, nal
polish remover, cleaning fluids - in your landfill model. Have leachate samples
analyzed at alaboratory. How might this leachate affect groundwater? Should
household hazardous wastes be placed in municipa solid waste landfills? If not,
what should we do with them?

Continue testing plants watered with leachate samples that have passed through

increasingly more soil.

Follow-up
Discuss the results of this lesson in terms of the following:
A. Theneedfor monitoring streams, wells, and springsl ocated bel ow theed evation of landfill Sites.

B. Theimportance of reporting unusual odorsin drinking water and knowing to whom such

information should bereported. Placealisting of agenciesto report unusual odorsand environmenta
hazards to students. Teachers can prepare an “Inquiry Sheet” that can be easily completed with
necessary information and sent to the appropriate person(s).

RESOURCE

EPA Facts About L eachate Collection, June 1992
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Student Sheet

Construction of a Sanitary Landfill Model
(using a 30-gallon garbage container)

1.Cut a2" x 30" vertical strip from a 30-gallon (or larger) garbage container, leaving
the container intact 3 inches above the bottom.

2.Glue a4" x 32" piece of Plexiglas® to the inside of the container and over the cutout.
Thiswill alow you to view the contents of the model landfill. Thiswindow will show
the strata of waste and soil. (The window may be marked in increments of inchesto
help with layering the soil and waste.)

3.Before inserting a screw-in faucet on the side or the bottom of the elevated model,
cover the back of the faucet (the opening inside the tub) with the screened wire. This
will help keep waste material from flowing out with the leachate. With caulking
compound, seal around the faucet.
Preparation of Waste
Inasanitary landfill, the accepted ratio of soil cover towasteis1:12 (6" of soil: 72" of waste). Inthis
model, 1" of soil cover will be used for 12" of waste. (If you use a smaller trash can, try to stick
to thisratio, if possible.)

4. Place one layer of waste in the landfill mode.

5.Cover thefirst layer of waste with 1" to 2" of damp soil. Tightly pack the soil cover
by pounding it firmly to smulate ared landfill situation.

6.Continue the layering and compacting until the landfill model isfull. Thefinal layer
should be 4" of soil.
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Student Sheet

Control Soil Samples

Soil Type #1 pH P

K NO;
Soil Type #2 pH P

K NO;
Soil Type #3 pH P

K NO;

Pure L eachate on Soil Samples

Soil Type #1 pH P

K NO;
Soil Type #2 pH P

K NO;
Soil Type #3 pH P

K NO;

L eachate through Soil on Soil Samples

Soil Type #1 pH P

K NO;
Soil Type #2 pH

K NO;
Soil Type #3 pH P

K NO;
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Student Sheet

How L eachate Experiment Affects Plants:

Control Soil Samples

Plant Conditions After:

1 Hour 24 Hours

48 Hours

Soil Type #1

Soil Type #2

Soil Type #3

Pure Leachate on Soil Samples

Plant Conditions After:

1 Hour 24 Hours

48 Hours

Soil Type #1

Soil Type #2

Soil Type #3

L eachate through Soil
on Soil Samples

Plant Conditions After:

1 Hour 24 Hours

48 Hours

Soil Type #1

Soil Type #2

Soil Type #3
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LEAKING UNDERGROUND
STORAGE TANKS

912

OBJECTIVES /S UBJECTS: ™\

Science (Physical Science,
Environmental Science),

1. Define USTs. Socia Studies (Economics),
Math

The student will do the following:

2. List existing environmental hazards caused by USTs. TIME:

3. Explain how problems with USTs are remediated. 2 class periods

4. Understand some of the costs associated with UST MATERIALS:
remediation. 2 sheets o_f graph or
bookkeeping paper per
student group
BACKGROUND INFORMATION \calcul ators (optional) J

Underground Storage Tanks, or USTS, are basically storage tanks placed underground. Throughout
theworld, thepetroleumindustry usesmost of theUSTSs. Loca gasolinestationsuse, by far, thelargest
number of USTs. Most of them have two to four 4,000 to 12,000 gallon tanks underground. Some
rural homeowners may also use USTs for residential or farming purposes.

Problemswith USTs arise when they begin to lesk. Motor fudl contains hydrocarbons and additives
that pose hedlth risks to people, animals, and plants. Nature can break down these hydrocarbons
through amethod cdled bioremediation. Unfortunately, nature'swork issow compared to our needs.
These dangerous compounds may transmit quickly through soil and can find their way down to an
aquifer.

Nationdly 51% of the U.S. population relies to some extent on groundwater as a source of drinking
water. Aquifers are where these drinking water sources are stored underground. When aquifers
become contaminated by hazardous chemicals, the effects can be devastating. Evenif people, plants,
and anima sdonot becomeill or die, contamination may persist for years, remediation may cost millions
of dollars.
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Previous common practice was to place unprotected steel USTs and piping in the ground and forget
about them. Unprotected steel can be highly subject to corrosion, though, especialy in aqueous
environments. In1994, itwasestimatedthat 1.2 million USTsexistedinthe U.S., many of which could
belesking or leak a sometimeinthefuture. Now, new tanks(and rel ated piping) arerequired to meet
federa and state requirementsintended to prevent leakageto groundwater. Tankswhich do not meet
these requirements must be removed, replaced or upgraded by 1998.

Awareness of the problem and new environmental regulations have prompted companies to provide
productsthat will increase UST safety. Liners, double-walled tanksand piping, or fiberglasstankscan
be used in UST systems. Sound older, unprotected steel tanks and piping can be upgraded with
corrosion protection systems.

Today tank ownersarefederally required to demongratefinancia responghility, that is, theavailability
of fundsto clean up aleak or spill should one occur from atank or line. Most states have established
trust funds, paid for by motor fuel salestaxes, to satisfy thisrequirement. Many statesand thefederd
government are encouraging the insurance industry to take over this job alowing the statesto retire
their funds.
Federd, date, and sometimes local, governments regulate USTs. They ensure that owners and
operators of USTs meet various requirements. Regulatory inspections may cover a variety of
procedures that owners and operators must follow. Some of these are listed below.
Owners/operators of USTs must:
1.Register al active UST systems with the appropriate agency.

2.Mest |eak detection requirementsfor both tanksand piping by choosing an appropriate method,
depending on size and type of tank system (Figure 2).

3.Install corrosion protection and spill overfill equipment on existing systems no later than
December 22, 1998.
Terms

aquifer: porous, water-bearing layer of sand, gravel, and rock below the Earth’ s surface; reservoir for
groundwater

bioremedi ation: abiologically mediated corrective processthat occursnaturally over time; humansmay
speed up this process through technology (see in-situ bioremediation)
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corrosion: a substance formed or an action of wearing away by chemicals; formed by deterioration

groundwater: water that infiltratesinto the Earth and is stored in usable amountsin the soil and rock
below the Earth’' s surface; water within the zone of saturation

hydrocarbons: a very large group of chemical compounds consisting primarily of carbon and
hydrogen. The largest source of hydrocarbons is petroleum (crude ail).

ingpect: to examine in detail, especially for flaws

inventory: adetailed list of itemsin one sview or possession, especialy aperiodic survey of dl goods
and materials

leaking underground storage tank: underground storage tank which has spilled, leaked, emitted,
discharged, leached, disposed, or otherwise allowed an escape of its contents into
groundwater, surface water, or subsurface soils

pressurize: to put (gas or liquid) under a greater than normal pressure

record: an account, as of information, set down in writing asaway of preserving data collected on a
specific subject

suction: aforce causing afluid or solid to be drawn into interior space or to adhereto a surface due
to the difference between external and internal pressures

underground storage tank (UST): any tank, including underground piping connected to the tank,
that has at least 10 % of its volume underground and contains petroleum products or

hazardous substances (except heating oil tanks and some motor fuel tanks used for farming or
residential purposes)

ADVANCE PREPARATION

A. Copy Student Sheet, Background Information, and procedure for students.
B. Put terms and definitions on the board.

C. Dividethe classinto work groups and hand out materials.

D. Give studentstime to read and discuss materials. During discussion, have groups list
environmental hazards caused by UST's and discuss how they are remediated.
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E. After classdiscussion of USTSs, have students proceed with activity within their groups.

PROCEDURE

Setting the stage

A. The State of Cdifornia s massive cleanup fund began in 1990. The Underground Storage
Tank Cleanup Fund alows UST ownersto comply with new regulations by hel ping finance tank
remova and groundwater cleanup. Funding has dready asssted in “the cleanup of some 25, 700
leaking underground tanks.”

B. The average cost for tank removal is about $10,000. The soil and groundwater
cleanup after contamination occurs is where costs really balloon. For the purposes
of this activity, the complex and individualized costs will be generalized; and a
standard figure for the cleanup of leaking tanks will be set at $400,000.

C. The funds for the Underground Storage Tank Cleanup Fund are generated by a

fee charged to the owners/operators of underground petroleum storage tanks. A

proposal isto increase the current 0.06 of a cent per gallon to 1.2 cents per gallon fee.
Estimates show that this increase would provide an additional $676 million to the “trust fund.”

D. Sacramento County has 3, 390 underground tanks, of which 519 are known to belesking and
299 havebeen cleaned. Y olo hasatota of 572 tanksincluding 121 leaking ones and 65 cleaned
gtes. Placer County has 994 tanks including 218 leaking tanks and 31 cleaned ones. And

Eldorado County has 714 tanks including 31 leaking ones and 25 that have been cleaned.

Activity

A. Using the data listed, determine how many USTs still need to be replaced in the four
counties listed. List them individualy by county and include atotal. List the number
of leaking tanks by county and the total.

B. Using the assumed costs, determine how much money will be needed to replace

and clean up al of the tanksin the four counties listed. Include these subtotals:

Cleanup for Leaking Tanks, Tank Removal for Leaking Tanks, Cleanup and Tank
Removal for Leaking Tanks, Tank Removal for dl Tanks, and Tota Tank Remova and Cleanup.

C. Report how much money will need to be generated by the fund to accomplish final cleanup
within five years (for the four counties listed).
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D. At 1.2 cents per gallon, how many galonswill need to be sold to generate the needed funds
for the four counties listed?

E. If the new fee passes, the 1.2 cent per gallon fee will probably be passed down to the
consumers through increased gas prices. Do you fedl that it is unfair to the consumers
to be made responsible?

F. If the four counties contained over 2 million people, can you imagine how many
USTs there would be in Los Angeles and Orange Counties, which include over ten
million people? Do you think the final cleanup of al USTsin Californiawill be

achieved in five years? What other way could they generate funds?

Follow-up

A. Ask students where their drinking water comes from. If any get water from
groundwater, ask these students if there are any USTsin their area.

B. After the class generates a survey sheet, have students interview a gas station owner or

manager. Be sure they include questions about how old the tanks are, if they have caused
problems, the last time they were inspected, who does the inspection, how leaks are detected.

C. Giveaquiz on USTs. Ask studentsto define UST, list environmental problems
caused by USTs, explain how problems with USTs are remediated.

. Extensions

A. Some of the regulatory rules for USTs are listed in this activity. Have students read
over these and study the Student Sheet figures.

B. Have students find out if groundwater is checked in the local areafor petroleum
contamination. Who is responsible for checking on USTsin the area?
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RESOURCES

Dictionary of Scientific and Technica Terms, McGraw-Hill, 1994 Ed.

Pickett, Diane, Personal Interview, Brown and Root Environmental.

"Tank Owners Brace for Shift to Private UST Coverage,” National Petroleum News,
Vol 87, July 1995.

"Underground Tank Owners Seek Some Clarity,” The Business Journa Serving Greater
Sacramento, Vol 11, August 15, 1994.

“Mustsfor UST's. A Summary of Federd Regulations for Underground Storage Tank Systems,

Solid Waste and Emergency Response, 5403W, EPA 510-K-95-002. July 1995.
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Teacher Sheet

1.

Answer Sheet

Tanks that need to be replaced and cleaned:

Leaking Tanks:

Non-Leaking Tanks:

Determining Costs -

Tank Removal for Leaking Tanks
# of Leaking Tanks x Cost of Tank Removal
889 X

Cleanup for Leaking Tanks
# of Leaking Tanks x Cost of Cleanup
889 X

Cleanup and Tank Removal for Leaking Tanks

# of Tanks x Cost of Cleanup + # of Tanks x Cost of Tank Removal =

889 x $400,000 +
$355,600,000 +

4-113

Eldorado
Placer
Sacramento
Yolo

Total

Eldorado
Placer
Sacramento
Yolo

Total

Eldorado
Placer
Sacramento
Yolo

Total

$10,000

$400,000

889 x
$8,890,000

689
963
3,091
507
5,250

31
218
519
121
889

658

745
2,572

286
4,261

$8,890,000

$355,600,000

$10,000 =

$364,490,000



Teacher Sheet

Tank Removal for Non-leaking Tanks
# of Tanks x Cost of Tank Removal =
4,261 X $10,000

$42,610,000

Tota Cost for Tank Removal and Cleanup
Total for Leaking Tanks + Total Cost for Non-leaking Tanks

$364,490,000 + $42,610,000 =
$407,100,000
3. $407,100,000
4. 1.2cents=$0.12
fee per gallon X # of gallons sold = amount generated
$0.12 X # of gallons sold = $407,100,000

Divide by $0.12 on both sides of the equation
# of galons sold = 3,392,500,000
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Student Sheet

°© 0 w >

W.D/Cﬁfi TANK FACILJTVSMM Sheet

Tdentify the indicated
parts in the drawings:

4-115




Teacher Sheet

TYPICAL TANK FACILITY

VENT PIPES/
/?"'.r WAPOR RETURH

[EAK DETECTION METHODS

. VAPOR —

. Theg GAVGE

. TAKK TIGWTMESS

. LEAY. DETECTION,

, ORAUHDWATER '
FADMI TSR MG W,
== D
|

MONITERING 1L 4
, SECOMDARY ’—_I 4
CEMTANMENT ' '?;3
MoMITER NG 2
=

SYSTEM, AuTo

INWEMTORY
ComTREL I
. MAaMUAL
ThME GAUGE ~

SUCTIieW PIFES

LEAKE DETECTIONM,
PRESSURIZED
PlrES
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